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Sculpturing ts slow, tedious work and a slight miscue can 
spoil weeks of painstaking labour. ‘Sculptors’? of metal—diesinkers 
—can employ automatic tracing to produce minute details much 
faster and more accurately than could ever be done manually. 
Cincinnati Tool and Die Millers are equipped for the economic 
production of moulds, hobs and dies up to an area of 8” x 18” 
and they can also be fitted with duplex power-driven rotary 
tables, for making circular moulds. Catalogue M-1731-E 

will tell you more; why not send for a copy — NOW ? 















































































































































ili 


so “ 


AUTOMATIC 


6 


- : 


SCULPTURING 


sae aeener 





—_ 


“CUTTER 





_ HYDRAULIC OIL 
PUMP 


Catalogues available from Charles Churchill & Co.'s 
offices in London, Birmingham, Manchester, Newcastle-on- 
Tyne and Glasgow or — from Cincinnati Milling 
Machines Led., Birmingham 24, 
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No bolts...no wrenches 
necessary. The boltless 
shelf adjusts to any size 
opening on 4” centers. 
No space is wasted. 


Rack Engineers have the 
profit-making answers to 
your production and stor- 
age problems. We'll show 
you how! Just phone or 
write ... there's no 
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e COSTS NO MORE THAN ORDINARY RACKS 


In most cases is cheaper to buy and erect. 


e USES FAR LESS FLOOR SPACE 


Utilize vertical space better. In every case checked, fewer 
racks are needed. Saves as much as one third of floor space 
usually occupied. 


e NEVER BECOMES OBSOLETE 


Adjusted easily for any size load. Standard uprights can be 
spaced to suit any size shelf. 


e ELIMINATES MULTIPLE HANDLINGS 


Shelf opening adjusts easily to permit quick placement of 
any size load. 


* QUICKLY ERECTED...UNIT WELDED UPRIGHTS 


Two men erect a ten-ton capacity adjustable pallet rack 
completely in 20 minutes or less. The uprights’ braces are 
all welded into place. 


RACK 


ENGINEERING _ (972clal, 


Made in England Since 1947 


9 Camomile Street London E.C. 3, England 
Fabricating and Assembly Plants: Slough, Eng., Connellsville, Pa. and Gardena, Calif.. U.S.A. Farnham, Quebec, Canada 
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Competition tougher? 
Selling costs going up? 





1@ EASILY SWUNG 
RADIAL ARM. 


ADCOCK 
P.O. BOX 22, 





TELEPHONE: LEICESTER 65154/6 
















The “*“*‘PLUS H.P.’? 
A & S I’ CAPACITY 
RADIAL DRILL 


A craftsman built machine for speedy precision 





work ! There is increased power to get the best 
out of modern cutting tools, so increasing your 
production. The unique design of column and 
arm gives great rigidity. 


Twelve inches of Column 
Elevation by hand or 
power 


The four motor speeds and double gearing give 
you eight speeds and maximum power where you 


need it most 





SPINDLE SPEEDS. R.PM. 


GEAR om 
| 710 | 955 | 
a oe 

| 


POSITION 


| 450 


+ 


710 | 955 |1455 
96 | 152 | 206 | 312 
ke Bie | 

| 5 2 3 


“STOP MACHINE BEFORE 
OPERATING GEAR LEVER 











@ BOX TABLE (PLAIN 
or CANTING TYPE). 


@ | in. CAPACITY IN 
STEEL. 


We also manufacture Milling Machines, 





Special Machine Tools, Lens 


Purpose 


@ CONTROL 
TRALISE 
SADDLE. 


S CEN- 
D ON 


‘AWM SHIPLEY LTD. 
wap”ASH STREET, LEICESTER 





GRAMS & CABLES: ADCOCK LEICESTER 


When replying to advertisements please mention the Journal 





1 ° . 
e 7 he Institution ! “ 
v1 of I rod uction I nginee rs Jour nal 


















cuts costs 












d here is 4 standard 
used by the auto 
selector rods and 


machine illustrate 


urface hardening 
jobs. It is widely 


The BIRLEC induction s 
a range of varied 


pable of handling 
t of rocker shafts, 


unit ca 


e industry for the selective treatmen 












mobil 
similar components. 


yERSAPLSE 


gBAPE 
RARDENEME! 


mACBINE 


d zones can be hardened 


Specifie 
trol and with 


under automatic con 


negligible distortion OF scaling of 








geable, 7 
pas aad 24” 













the work. Quickly interchan 
. , Maximum len th of work 
standardised control cams and in- . 
Maximum diameter of work 14” 
ductors permit several different jobs 
Hardening zone selection Cam 
to be run economically in successive Maximum hardening speed --- | yt sec- 
batches. Maximum return stroke speed 6” /sec. 
Typical production (12” stroke) 300/hr. 
0.17d/piece- 


rated are typical induction 
Typical operating cost 


mobile rocker 
rod. 


IIlust 
hardened auto 
shafts and selector 





hia, 


i P li ation No 78 on Shaf 
Please send me ub ic . alt 


Hardeni 
ning or further process details about 


BIRLEC LI 


t Name 
Position seseeeeneesnnnensanesenenenenenes Member of th 
eee ALL Group of Companies 
i are ee ee 
L ee ER DIN GT 
Tae ON 
a aaa _ VSHM i 
SM/B2501/55 — a a oe a BIRMI! 
= = LONDON NGHAM 
. SHEFFIELD - GLASGOW » 24 
- NEWCASTLE-O 
N-TYNE 





The Institution of Production Engineers Journal 


Mn 


Ai/ 


DRILL meee CIAL/ISTS 





COBOUA RAUL UME TTT 











vill The Institution of Production Engineers Journal 


Special purpose machine loots 


that’s what 


HENSCHEL standardised unit 
construction means 
to you 










Cross feed table units 


Gearbox units 


Spindle units 


Longitudinal feed table units 


Frame units 





8ed units 


This illustrates a surface 
Normally, if you want a special purpose 
machine tool it costs a great deal of 
money and, being specially built from 
scratch, takes a long time for delivery. 
The Henschel unit construction system 
alters all that; it leads directly to lower 
cost and quick delivery, for the necessary 
units are always available “ off the shelf” 
for Henschel-built machines. 


milling machine and a 
2-spindle plano-milling 
machine 


Henschel units are available for 


MILLING - DRILLING - BORING 
MULTIPLE BORING - COUNTER BORING 
REAMING - THREADING & TAPPING 


May we tell you more about this progressive idea ? 


MACHINE SHOP EQUIPMENT LTD. Spenser St,, London, S.W./.  Tel.: ViCtoria 6086 
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It all turns on 
ELEKTRON 


These camshafts “turn” in cast Magnesium 
Elektron bearings in the celebrated ‘‘ Gipsy” series 
of De Havilland engines. Elektron was chosen 
for its good bearing properties under these con- 
ditions — and, of course, for its ultra-lightness. 
Engines of this series have been in service for over 
20 years, and the many Elektroncomponents rarely 
need replacement during such lives —- including 
the bearings! 

* About 40°. of the components in the * Major 10° Mk2 


and “Queen 70° Mk2, and about 80° of those in the 
**Queen 30° Mk2 are of Elektron. 


Write for ourNEW booklet on 
“DESIGN” 





Magnesium Elektron Limited 


CLIFTON JUNCTION: MANCHESTER London Office: 21 St. James's Square: $.W.1 





When replying to advertisements please mention the Journal 
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PUZZLE CORNWER 7 


Maybe some modern art is bewildering; but let’s be 
fair Perhaps if you were as skilled in art appreciation as 
you are in production engineering, you could answer this 
one too. 


We pride ourselves at Webster and Bennett that we 
know most of the answers when it comes to boring and 
turning, and our customers agree. In fact, our own 
“puzzle corner” is always busy translating customers’ 
drawings into machinable possibilities, and quite often 
remarkably favourable floor-to-floor times result. 











If you have to machine castings and forgings up to 
80” swing, perhaps we can help you. Send us drawings of 
your components; our technicians will be glad to submit 
production proposals. 


& 
% 







A standard Webster and Bennett 
Boring Mill with 60” Chuck, ad- 
mitting 35” under the turret’ 
and 24” under the cross-slide 


D : 


WEBSTER & BENNETT LTD., COVENTRY, ENGLAND 


~~ ee 





SY 
Bea. et 
am 
eee ee... 
is Bie Be . 
| aaa fe ~ 
ble 
oh. he A 
f i « vi 
Paitiae:t Ak a fe 
Sd Sa) ae i 
“6 “gga | ee 
“ = pf 


4 } 
E a 


7 = 


A 
g ~~ 


sy 2 \ 
7 a = = & « \ 
ao/ | =e ~~. ~~ 


\ 

\ WN XV \ D—WWWN 

KK MK 

— 
\\ 


SN 
WN 
Oy 
WN 
~ 
\ GQ 
A 


Foren coma | 


‘ = 
\ z WES Betis satne 
N i eee | 
2 Fe es oP ah. ‘ 
‘ 2 Riese: ag Pe Ne 
. Oj 4 ade e N 
a g i eee: fi 
ae s % be Nast fo POE tis 2 Pe 
i an B 34 ie age “Af 1 
‘ " ‘ etd Gee Ae ae 
- - -_ 


~ 


3 
"dap s> 


b _ ~ 





a 
z 
a 
i Red 
pA 
oe 
ix 
_— 
SS 


J 
f 
f 
¢ 
i 
| ‘ 
ee 
Ee 
Ai Ba 
— 


a 
ie 
Ni ee 


- ~~ “ . — << a 
— —_ - a -_-~« - = ~~ — ~ - 





xii The Institution of Production Engineers Journal 






ke this! 









we are licensed ‘by.“the British Standards Insgi 
which certifies that “Zine Alloy Diecastinggtiagia 


the Kite Mark 
the requirements 


in addition to B.S.I. control of zinc alloy af@eastings produced by us—all 


our production in other metals is subjected to strict quality control by 
our own Metallurgical Laboratory 





the high standards we have imposed 


cost you no more 


DYSON & CO., ENFIELD (1919), LTD. 


SOUTHBURY WORKS PONDERS END MIDDLESEX 
TEL: HOWARD 1484 
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REQUIRING NO HARDENING AND TEMPERING 


Typical high tempetature properties 


Stress to give rupture in 300 hours: 36 tons per square inch-at 400°C 
27_tons per square inch at 500°C 

? 
Stress to give rupture in 1,000 hours: 35 tons per square inch at 400°C 
26 tons per square inch at 500°C 
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BS 
& % 
Stress to give 1% total strainin {OQ hours: 26.4 tons per square inch at 500°C é 3 
Typical room temperature properties £ 4 
y ; se” ry 
Max. stress - 43 tons per square inch L. of P. - 23.4 per square inch RS 3 
0.1% P.S. - 29.3 tons per square inch Elongation - 28 S¢-on™4/A lS ® 
“E” - 13,650 tons per square ifich ~ x Fy 
‘ BS) 
Full design data available on request i 
3 
& : 







SAMUEL FOX & COMPANY LIMITED 


Associated with The United Steel Companies Limited 


STOCKSBRIDGE WORKS - Nr. SHEFFIELD ENGLAND 


When replying to advertisements please mention the Journal 
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.-- roll, dislodge, clean, sort, shelve, clamp and feed 
parts. Hymatic Automation is thus invaluable in the auto- 
matic and selective transfer of parts from one process to the 
next, from conveyor to conveyor; in unloading one machine 
and loading the next; or in quick clamping to hold parts 
during machining. All designs of Hymatic Automation are 
made for specific tasks but are readily adaptable to others. 

Hymatic Automation covers the whole problem—the de- 


sign of the circuit—the machine—the means of control. 


THF HYMATIC FENGINEERING CO. LTD* DEPT. HA.84 * REDDITCH 


ly 


The Institution of Production Engineers Journal 


ZS BA 

aS 

EB a sini 
zy 

GFF BRAaAg 

ZSsRE AaAH 

ZNAZZS 

BAAILZAYLS 

— 


S THAT 








ae 


Hymatic Automation, therefore, has a place in your pro- 
gramme of productivity improvement. 

Perhaps in your Works, too, there are jobs where it is poss- 
ible for people to burn or cut themselves, strain or crush 
themselves, lose fingers or even a hand; or perhaps there 


are jobs for which you just cannot find people. 


In all events CONSULT 


Hymatic Automation. 


, 165 
* WORCS, 


When replying to advertisements please mention the Journal 
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Starkey Hewsard, Saya. 
“THESE WANDERER 
MILLING MACHINES 
ARE SOMETHING YOU 
CAN'T AFFORD TO IGNORE”. . 


The quality of Wanderer milling machines is something 
of which we are particularly proud—being backed 
by unsurpassed experience in milling machine manu- 

facture. In overall design, workmanship and finish, 

they stand supreme. Their production capacity r 
is but one of their main features and you will , 
find the milling machine to meet your re- . 
quirements in this very extensive range. ’ 
For which we can offer early delivery. / 





AND LONG 
THREAD MILLING 
AND HOBBING 
MACHINES 


day Large range suitable for 
b milling or hobbing ot 
single or multi-start ) 
threads, worms, gears STANLEY HOWARD l? 

and splines. 73 DEVON STREET 
SALTLEY BIRMINGHAM 7 


Tel ASTon 1275 
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Py ? 


@ MIDDLE BEARING TO SPINDLE 
@ TOTALLY ENCLOSED MULTI-CHANGE GEARBOX / 


® PRE-LOADED TAPER ROLLER BEARINGS FOR 
MAINTAINED ACCURACY OF SPINDLE 


15'-17' swing 
ENGINE LATHE 





Ge mannfacts Shies Dean mith Grace 


KEIGHLEY ENGLAND 


SURFACE & BORING LATHES . LIMITED 


TOOLROOM LATHES a 
OM sg 





DESCRIPTIVE LITERATURE S$ OW 0 eee 2 eT 








xvii 


The Institution of Production Engineers Journal 


© ne nal 


\\ 
j 
‘ — 
=~ 
~ 
7 
~~ 
= 
, ~ 
' = 
~ 
= 
- 
~ 
~ 
~ 
= 
= 
=~ 
= 
= 
= 
~~ 
= 
’ = 
— 
= 
= 
— 
= 
= 
, — 
— 
‘ 





os 
' — LEDLOY STEELS 


MILLS LEDLOY Bright Steel Bars are supplied in a 
wide size range of Flats, Squares, Hexagons, Rounds 


pove and Special Sections. 

lmp They contain a small percentage of lead, giving 
greatly improved machining properties to such 
qualities as Freecutting, Casehardening, Carbon, 


pea , 
Tor Heat-Treated Carbon and Alloy Steels without 
4 ? impairing their physical properties in any way. 
ep ? Experience has shown that MILLS LEDLOY steels 
ovk e give an increase in production from 20°,, to 100° ,,. 


~~ 
RECA 


One or all the following advantages can be obtained: 


p INCREASED FEED 
p INCREASED TOOL LIFE 





' i 
Our experts will be pleased to advise you. > INCREASED CUTTING SPEED 


Supplied to Admiralty, Air Ministry and many other 
official specifications. p INCREASED PRODUCTIVITY 


| . > ao) eee) ee ee ee 


BREDBURY STEEL WORKS 


WOODLEY - NEAR STOCKPORT - ENGLAND 


Telegrams: “MILLS” PHONE WOODLEY 


Telephone: WOODLEY 223! (10 lines) 














a Complete range of 


Precision Jig-Borers... 


Meeting the demand for ever-larger capacities in 
jig-boring, Société Genevoise jig-borer capacities 
range from 8 x 8 inches up to 55 x 40 inches. Com- 
prising seven machines, five of which are provided 
with optical settings on projection screens, they 


cover the widest needs in precision jig-boring. 





Substantial economies in machining time are effect- 
ed by the elimination of the necessity for jigs, the 
precision and rigidity of the machines ensuring 
accurate positioning and alignment of all holes 
machined. 


For literature or further information 
please write or telephone Temple Bar 2126. 
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INCREASE 
your PRODUCTIVITY HYDROPTIC 6 


The extreme accuracy and precision of aT 
these jig-borers allow work to be done in 


very low machining times, thus leading 
to greater output, 


Sogenique Service... .""""" 





Area Engineers, together with a works 
equipped to service this precision equip- 
ment, provide country-wide mainten- 
ance. The installation and service 
of these machines is carried out by 
Sogenique (Service) Ltd. under the 
GSIP guarantee. In addition to this, 
prompt service is available whenever 
required, 





<« HYDROPTIC 8P 





igh aa os . 





5-6 Brettenham House, Lancaster Place, London, W.C.2 


y 


RSANG é 

















Stations 2, 3, 4 & 5. 
Hydraulic units for drilling, reaming and Station 11. 
counterboring. Hydraulic turnover and gauging station. 








N O35 LIMITE 


FACTORED MACHINE DIVISION, FLETCHAMST D HIGHWAY, COVENTRY 
Telephone: Coventry 40351 
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@ Whether you need increased plant for Toolroom or general 


production work a Harrison lathe is a sound investment. 


T.S. HARRISON & SONS LTD - HECKMONDWIKE - YORKSHIRE 
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ELECTRIC SHAVERS BY Reesmington 




















POWER PRESSES ” 


The excellence of the renowned Remington Electric 
Razor is reflected in the H.M.E. Power Presses 
which produce many of the intricate components. 





Our technical representatives are always at your service. 


HORDERN, MASON & EDWARDS LTD. 





When replying to advertisements please mention the journal 
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split 
second 
3 controllability 


O simplify the *doffing 

operation on the Howard 

& Bullough ring spinning frame 

a Warner Electric Clutch-coup- 

ling and two Westool Solenoids 
have been installed. 

By means of this Warner 
unit and Solenoid combination 
elaborate mechanical gears are 
eliminated. This is one more 
process hitherto unobtainable 
within economic limits that 
Westool/Warner equipment has 
: now made commercially 
‘ ; 7 : : possible. 

; Complicated machines are 
given a new controllability and 
split second timing with the 
introduction of Warner clutch- 
brakes. Maybe you too could 
benefit from Warner equipment 

ask us. 

















* Doffing is the trade term 
applied to the process of 
finishing off and remov- 
ing full bobbins of yarn 
from spinning frames or 
similar operations. 


Photograph reproduced by permission of 
Howard & Bullough Ltd., Accrington). 








Warner Electric Brakes and Clutches are manufactured in Great Britain under licence by 


ST. HELEN’S AUCKLAND, CO. DURHAM 


LIMITED Telephone: West Auckland 317 (4 lines) Telegrams: Solenoid, West Auckland 





Westool also make Coils, Coil Winding Machines, Transformers, A.C. & D.C. Solenoids, Grinders, Motors, Air Conditioners, ete 





Tib.33 











a 








The Institution of Production Engineers Journal 


woceceeeneeey, 


se atl ttt ay 
Ulltjyy A 
_— 4 
“ona Wile gays aid 
eeeeaees, - Wlhdttnnappanpaneeee? / 
ent hte te dab f 
Z 


uf 






s//_. CLASSICS OF CRAFTSMANSHIP 


An inspiration to the modern quest for perfection 





THE ACROPOLIS, ATHENS 
A detail typical of the architectural mastery of the 
designer allied to the unrivalled skill of the builder, 
S which has endured for over 2,000 years. 
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wm Ff TOOL COMPANY LTD, 





MACHINE TOOLS 
PRECISION INSTRUMENTS & GAUGES 
PRECISION TOOLS OF ALL TYPES 


Supreme the A eld’ CO’ Cz 





No. 16 Universal Thread Grinder 


Coventry Gauge & Tool Go Ltd 


COventTeRrryY GT. BRITAIN 
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IIe t-Britain’s first carbide tools 


Way back in 1927 Wickman Introduced carbide tools to this country. Since that time 
their use has spread so widely among the metal-working industries that to-day the name 
‘Wimet’ has become synonymous with carbide tools and the higher productivity they 


bring. 
tooling costs. 


Here’s today’s range of standard 
turning tools available from stock 


STRAIGHT ROUND NOSE 
TURNING TOOLS 

For light-duty turning 
work, boring, chamfer- 
ing, or profile turning. 


CRANKED ROUND NOSE 
TURNING TOOLS 
For light cuts, 
turning and facing. 


TURNING OR BORING 
TOOLS 


For light-duty turning 
and boring. 


HEAVY-DUTY TURNING 
AND FACING TOOLS 


For very heavy turning, 
boring and facing opera- 
tions, 


BAR TURNING TOOLS 


For plain turning to 
square shoulders, 
recessing and counter 
boring. 


BAR TURNING TOOLS 
Suitable for use in knee 
holders. 

For bar roughing, heavy 
boring and heavy 
turning, facing, etc. 





LIMITED, 


plain . 





WIMET DIVISION, 
ENGLAND. 


CRANKED KNIFE TOOLS 


For broad facing cuts or 
similar operations. 





CRANKED TURNING 
TOOLS 


For light-duty turning 
and facing, boring and 
turning to square 
shoulders, etc. 





CRANKED TURNING AND 
FACING TOOLS 

For heavy-duty plain 
turning, facing, cham- 
fering, boring, etc. 


rus 


WY 





RECESSING TOOLS 
For wees cut recessing 
with light feeds and 
heavy-duty parting off. 


PARTING TOOLS 
Made in two types; one 
for high cutting 
pressures, the other for 
light duty on all 
materials. 


CLAMPTIP TOOLS 
Available with round, 
triangular or square 
inserts. 


WICKMAN 0f COVENTRY 


WICKMAN 
COVENTRY, 


TORRINGTON 


Telephone: Tile Hétl 


And with good reason; they cut faster, last longer, maintain accuracy and reduce 
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An unsurpassed record ! 





The very first Wimet tool 
was supplied to Armstrong 
Siddeley Motors Ltd., in 
August 1927. This tool 


remained in regular service 


until March, 1932, when it 


was returned for re-tipping. 
use 


Four-and-a-half years’ 
from a single tool. 








AVENUE 
666212 


3 small books dealing 
with the application and re- 
servicing of carbide tools can 
help operators and produc- 
tion engineers. Write for 
copies now, 





contains full details of all Wimer 
Standard Tools—it's the buyer’s { J lng 
guide for carbide tools. if = ] weld 
use carbide tools write to The 

Publicity Dept., Wickman Led., 

for a copy. : 
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DESIGNING FOR PRODUCTION — 
THE UTILISATION OF MATERIAL 


by R. M. EVANS, M.I.Prod.E., 
Works Director, Imperial Typewriter Company, Ltd. : 
Chairman, Materials Utilisation Sub-Committee. 


HAT Great Britain is very largely dependent upon her manufacturing 

industries for the maintenance of her economic life cannot be denied. It is also 

evident that, no matter how efficient her primary production may be, it will 
be insufficient to provide for the population of these islands at subsistence level, let 
alone at the standard of living enjoyed at present by even the poorest. 


This has been substantially true for the last hundred years, but the situation 
has become steadily more acute as the population has increased, and the effect of 
two major Wars, especially the last one, has been to drain away the reserves of 
overseas investments which acted as a cushion in balancing our budget and which 
gave us a measure of independence in our purchases in the world’s markets. 
Furthermore, other nations have followed our lead and have become manufacturers, 
and have turned from being our customers to being competitors. 


All this is obvious and should not need restating, but it would seem at times that 
not everyone fully realises how precarious is our situation; particularly is this so 
with regard to our use of raw materials. 


Small Resources 

This country’s resources of indigenous raw material are small; many materials 
are not produced at all and, with very few exceptions, are far below the requirements 
of industry. We must, therefore, purchase a large proportion of our materials from 
overseas and the payment for them is a first charge on the profits from our overseas 
trade. In the case of home-produced materials, we must use power and labour to 
extract them and process them to the stage where they can be used. Power in this 
country is a scarce commodity; our main source is, of course, coal, which is being 
mined in insufficient quantities, water power is limited by our lack of large rivers and 
high mountains, and atomic power is not yet in a position to make a substantial 
contribution. 


It is, therefore, essential that we make the utmost use of our raw materials 
whether they be imported or home-produced, firstly to see that we do not destroy, 
unnecessarily, the material during processing and, secondly, in order that we do not, 
indirectly, waste power and labour in our manufacturing processes. 


Material may be destroyed in various ways. It may be vapourised or corroded 
away, or it may be lost because it is impossible to remake it into a re-useable form. 
Such losses are fairly obvious and, usually, some care is taken to reduce them to a 
minimum. What is less obvious is the waste that occurs through an excessive amount 
of work being put into the material to shape it to the required form; in the case of 
metals, shaping or turning from the solid can often consume a great deal of power 
and labour and produce a large volume of swarf which, although it can be remelted 
and used again, involves the loss of all the original work that was put into making 
the material, plus the loss of all the work in reducing the original material to swarf. 
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When it is realised that, in many cases, the swarf is as high as 70°/, of the original 
material, it will be appreciated that very substantial savings can be made if this 
condition can be avoided. Much can be done, and illustrations of examples that 
have been carried out in practice are shown in the Report of the Materials Utilisation 
Sub-Committee * of the Institution. 


From the manufacturer’s point of view, the returning of a large proportion of 
his material in the form of swarf is a bad proposition as, in most cases, he can only 
recover a small proportion of the cost of the material, and none of the cost of the 
machining that has taken place. From the point of view of the supply of raw 
material it is also bad, as there is always some loss of weight and much of the swarf 
is or may be contaminated and cannot be used for the highest grade material. 


The foregoing is not in any way to decry the drive for scrap that is constantly 
urged by the steel industry. It is of the utmost importance that all unwanted 
material is returned for remaking, but it should be material the scrapping of which 
cannot be avoided. The returning of swarf is not in itself a virtue if the original 
material could have been used to better advantage. One is reminded of the old lady 
who, during the War, read of the need to riddle the ashes from her fire: as she had 
no ashes, she lit a fire to get some! 


The economic situation in this country is so serious that our very existence 
depends on the improvement of our industrial efficiency. Somehow or other we have 
got to produce more goods at less cost or, whether we like it or not, we shall 
cease to be a great trading nation and we shall be unable to support our population. 
It is no use simply blaming the workpeople at the bench or machine and saying they 
must work harder; it may be true that they should, and an increase in effort is 
certainly wanted, but it is every bit as much a problem for management. 


A Function of Management 

The planning of the proportion of material to be used is one of the functions of 
management, and in laying out a job for production not only should the specification 
of the material be clearly stated, but also the degree of utilisation should be equally 
clearly shown. When that degree of utilisation appears to be poor, immediate 
enquiries should be made to see if it cannot be improved. There is always a strong 
tendency for designers and production planners to continue using well tried methods 
of production. This is all very well, but in many cases these should be examined 
from time to time to see whether the process is the best that can be used, as it is not 
uncommon to find that the method used is one that was adopted many years ago 
when the job first went into production and no further consideration has ever been 
given to it. The method may have been the one used in the prototype model and 
at that time too little thought may have been given to effective utilisation of 
material. 


Senior management should be made aware of the extent to which, in fact, 
material is utilised, and should make it their business to ask questions about it 


We should also examine the design of our goods to see whether they contain 
more material than is necessary for their purpose. As was said in Mr. Dyson's 
article last month, such phrases as “massive construction” and “robust heavy 
design” are no longer a recommendation for most goods, and we should look to our 
products to see whether we are selling dead weight that could be better used for some 
other purpose. 


Indirect Savings 

It is not only amongst direct constructional materials that savings can be made 
but also with paints, varnishes, plating materials and other finishes. In the field of 
ancillary materials such as solvents, lubricants and various other chemicals that are 
used in processing, there is undoubtedly a considerable wastage that goes on all the 
time due to carelessness, inefficient apparatus and poor arrangements for the 
recovery of residues. Such wastage is more difficult to check as quantities cannot 


* Available from the Institution, price 5/- per copy (post free). 














be so easily related to production, but a careful check over a period of the usage of 
such materials usually reveals considerable waste. 


The improvement of materials utilisation is a directly paying proposition and 
businesses that have had an all-out drive in this direction have almost always made 
very substantial savings in cash. Furthermore, they have often eased for themselves 
the difficulties of obtaining materials that are in short supply. 


Substitution of Materials 


A line of investigation that should not be overlooked is the substitution of 
materials. This is sometimes looked on with suspicion, due, perhaps, to the 
exigencies of war-time, when inferior materials often had to be accepted. Substitutes 
are not necessarily inferior and may, in many cases, be an improvement — for 
instance, moulded nylon small gears are found to be an improvement both in cost and 
quality on similar gears made by diecasting, and quite as good as machine cut 
gears. 


Considerable improvements are constantly being made in techniques and 
processes, and it is essential that manufacturers should keep up-to-date with what is 
being done; all too often a process has been tried once and found unsatisfactory for 
the particular purpose for which it was tried, with the result that that process, or 
anything similar, has been condemned for all time. This may come about because 
the process was in its infancy at the time it was tried, or it may be that it was tried 
in the wrong way or for the wrong purpose; if such an attitude is allowed to 
persist, progress may well be stifled. 


This matter of improving material utilisation is not a question of introduction 
of yet another specialist officer into the organisation. It should be the business of 
everybody who has to do with design or planning to be conscious of the need to use 
all material with the utmost economy. The greatest saving can usually be effected at 
the original design stage, when modifications can be carried out without difficulty, 
and it is at this stage that careful consideration should be given to the eventual 
method of production. All too often this aspect is overlooked and a design is passed 
through to the production department for tooling in the same state that it was tried 
out in the prototype model, Prototypes are usually made by hand methods and parts 
for them are produced by cutting away from the solid and, at this stage, there is 
little need to consider material economy, but before the design is finalised, great 
thought should be given as to how it can be produced in quantity and, if necessary, 
parts should be completely redesigned to facilitate production. 


We should remember that in mass production even very small savings on an 
individual part amount to very large savings over a year and every saving that can 
be made without the sacrifice of quality is worth our while. Not infrequently a 
small saving per part will easily pay for the cost of special machinery to produce 
it by an improved method. It is essential that our costing system should produce 
statistics that show all the costs involved, both direct and indirect, so that we may 
properly compare the advantages of one method over another. Such costs as the 
storage and removal of swarf should not be overlooked, nor should the extra space 
required in our raw material stores be forgotten when we are looking at the savings 
to be made by improving the utilisation of material. 











SOME TOOLING PROBLEMS IN 


JET ENGINE PRODUCTION 
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Mr. Andrews 


N order to appreciate more fully the problems 
I associated with tooling for the manufacture of 
turbo-jet aircraft engines, it is necessary to consider 
not only the engine itself but the manner in which its 
production is to evolve. 

Apart from the fact that jet engine manufacture 
involves some production processes fairly new to 
Australia, such as electrolytic polishing, investment 
casting and argon arc machine welding, also the 
machining of the notorious heat-resisting metals 
which all affect tooling, the main problems are 
brought about by (a) the requirement of extreme 
accuracy; (6) high finish; (c) the light and flimsy 
nature of some components of large diameter with 
high thermal expansion co-efficients; and (d) the 
innumerable blades of aerofoil profile requiring 
machining and location. (Fig. 1.) 
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Reverting to (a), one’s first impression of a drawing 
for a major jet component is the formidable line of 
zeros after each decimal point indicating the toler- 
ances (as little as .002” for bolt hole centres and 
.0004” for dowels up to 20” centres) which brings to 
mind the paraphrase: ‘‘Never has so much depended 
on so little.” The demands for such accuracy 
require the elimination of as much of the human 
element as possible in the measurement of large 
locating diameters, therefore most gauges are made 
to incorporate some indicating device. The other 
problems will be discussed under the heading of 
turning, milling and gauging. 


Production 
It has been the general practice when manufac- 
turing under licence to commence assembling engines 
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Fig. 1. Section through axial flow engine. 


using a large proportion of imported major com- 
ponents and gradually tapering off, until practically 
the whole engine is manufactured. However, some 
of the major and more intricate parts involving many 
operations have to be tackled quite early and this is 
where the need for improvisation, such as will be 
shown later, becomes necessary. 


Blades 

Sections through the various compressor blades in 
axial flow engines could lead the more 
aesthetic to contemplate the graceful lines of the 
leaping salmon or darting porpoise, whose silhouettes 
they resemble, but one is brought to earth with the 






Fig. 2. Continuous milling fixture — 
stator blade platforms. 


startling realisation of the stupendous task of gauging 
and location of such shapes. Fortunately for us, the 
production in a split second under the drop hammer 
of the form which Nature took millions of years to 
produce is the task of our compressor blade forging 
suppliers. However, the turbine blades have to be 
milled from Nimonic an1 will be dealt with later, 
although the following average figures indicating the 
amount of work done on these units may be of 
interest: Forgings 1.46 lb., number of operations—61, 
finished weight 0.47 lb. 

The compressor has 2,093 blades ranging from 2 
to 8 inches long, and the turbine a total of 314, giving 
a grand total of 2,407 blades per engine. 














COMPRESSOR BLADES 
AEROFOIL WITH RULING LINES. 
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Fig. 3. Four-station milling fixture. 


The large number and variety of blades present a 
considerable problem both in machine tool and fixture 
requirement, and it is obvious that the general 
production picture as revealed to our team overseas 
cannot be slavishly copied, due to both limited 
finance and local defence requirements. Although 
some special purpose machines were necessary for the 
intricate profiling of turbine blades and casings, many 
compromises had to be made, involving changes in 
planning and tool design, but always keeping in 
mind the possibility of a sudden demand for full 
production. As an example, Fig. 2 is a continuous 
fixture for multi-milling compressor blade platforms, 
whilst Fig. 3 shows one only using four stations, semi- 
continuous. This table could accommodate a fixture 
with 12 stations at three times the tooling cost, but 
with the same cutter set-up. 


Compressor Blades 

These are forged in aluminium and bronze alloys. 
The blades are of aerofoil section and used as forged 
except for surface treatment and leading and trailing 
edge shaving; the early operations, therefore, require 
locating blocks for the inner curved surfaces in order 
to mill platform edges. Although of aerofoil section 
with co-ordinate dimensions from a chord line 
taken at established stations lengthwise, the twist is 
so designed as to give straight lines along the surface 
of the blade which we call ruling lines. A rough 
analogy would be a slightly-opened Japanese fan, 
Fig. 4, the tips of the ribs forming a curve which 


Fig. 4. Comparative blade profiles. 
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gradually flattens out to a straight line at the pivot 
point. Sections taken through the ribs at various 
stations throughout their length would produce 
different curves all connected by straight lines. A 
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LOCATOR BLOCKS — 


similar effect may be observed by twisting a pack of 


cards and noting the form made by the edges. This 
design feature greatly facilitates both the manufacture 
and inspection of dies and locating blocks, as it is 
only necessary to make templates for the two extreme 
stations (Fig. 5). These can be located at the correct 
distance apart and used to set the tiltable milling 
machine table to a pair of indicators as the table is 
traversed across the blade form for each cut. Indicator 
tips have the same radius as the cutter and are set to 
the same height. Fig. 6 shows a locating block after 
this operation ready for bedding to a sample blade, 
which is done with surprisingly little filing. Height 


COMPRESSOR BLADES 


and disposition of form are established by calculation 
to dowel dimensions of the templates, distance pieces 
and base for holding the blocks as shown in Fig. 5. 
All these dimensions, and practically every other 
dimension on these blades, is related to a point “P” 
usually in space and denoting the intersection of the 
x and y datum planes. The mere mention of this 
much maligned but very necessary spot is usually 
enough to cause the most extraordinary emotional 
reactions, ranging from tears to uninhibited vituper- 
ation, among tool and die people. 


Nozzle Guide Vanes 

These are investment cast from Crown Max, a 
heat-resisting alloy of .2C, .4Mn, 1.5Si, 11.5Ni, 
2.5Cr, 3.0W, being used at the hot end of the 


engine, and have only to be ground on the platforms. 





Fig. 6. Compressor blade locating block showing ruling lines. 


Fig. 7. Improvised magnetic sine plate using sine bar to 
obtain compound angle for turbine blade locator. 
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The location for these grinding operations requires 
a number of fixtures embodying compound angles 
and some confusion has existed regarding the inter- 
pretation of oblique projections as on the component 
print, but it was finally decided, after some delibera- 
tion and consultation with the Drawing Office, to 
show all compound angles in terms of tilt and twist® 
on the tool drawings. Although this may be “passing 
the buck’’ on to the design office, it has saved hours 
lost in the interminable discussions and cut and try 
methods entailing a hold-up of valuable machine 
tools, and the magnetic sine plate made up in the 
shop (Fig. 7), has well paid for itself. 


Turbine Blades 

The forgings for these have to be machined all 
over, and here again the designer has endeavoured to 
aid production in that the inside or concave surfaces 
have geometric shapes. The Nene blade takes its 
inside form from the surface of an oblique section 
through a cylinder, and the Avon an oblique section 
through the surface of a cone. Their locating form 
blocks can be turned and ground between centres 
from calculated dowel locations dimensioned from 
balls placed in accurately ground centres, enabling 
removal and replacement of blocks for each operation 
(Fig. 8). The Nene blades have their aerofoil convex 
side turned two at a time from a master cam, but 
others are milled on an 8-spindled profiling horizontal 
miller. 

As the turbine blades are forged from Nimonic 
alloy (.94C, .5Mn, .5Si, 75.0Ni, 20.0Cr, 2.5T%i, 
1.5Al) and constitute a considerable part of the 
machining difficulties encountered in jet production, 
it may be as well to give a brief description of the 
machining characteristics of this metal and some 
notes on the design of cutting tools. 

Wolfe and Spear’, of B.S.A. Research Laboratories, 
have published some valuable information on tool 
performance related to heat and creep resistant 
metals, but it appears, to quote from a survey 
prepared by Henry Wiggins, the makers*, “that it is 
evident from information available that practice 
varies in detail.” 
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Fig. 8. Method of machining conical 
and cylindrical locators. 


Nimonic 

Before discussing the design of tools something 
needs be said regarding the best condition in which 
to have this alloy for good machinability. 

Although this material is far easier on cutting tools 
in its solution heat-treated state, it is difficult to 
obtain a good finish as the chip formation is not 
clean, with a tendency to plucking and tearing. It 
is therefore recommended by the makers that com- 
pletely aged material be used where good finish is 
required. 

The properties of these alloys at elevated tempera- 
tures are such that, at high surface speeds, the chip 
does not become plastic as in the general run of 
alloys; furthermore, any deformation is accompanied 
by an extraordinary tendency to work-harden; thus 
the tool designer is confronted with an almost 
impossible specification of (a) large top rake and 
clearance angles, and (6) great strength at the cutting 
edge. As any increase in (a) tends to decrease (b) it 
is necessary to reach some sort of compromise, 
usually by experiment, and it has been found that 
almost each job becomes a problem of its own and 
may need a specialist on the job at each new set-up 
and, generally speaking, the work of tool-sharpening 
must be taken from the operator and confined to a 
central crib with adequate facilities for grinding, 
binning and performance recording. Neglect of this 
has led to apparently conflicting reports and recom- 
mendations made for machining Nimonic and the 
reluctance of technical authors to “‘stick their necks 
out.”” However, it is thought that a few points taken 
from actual experience in our shop may be of interest 
without causing any highly technical controversy. 


Turnings 

1. Negative rake tipped tools appear to be in- 
effective and existing grades of carbides have 
been found too brittle to stand the small tool 
angles required. (Although G 18B stainless has 
been machined with 44A tips at 100 ft. per min.) 

2. A maximum cutting speed of 30 ft. per min. for 
all machining operations except broaching (3-8 
ft. per min.) and form broaches (12”-18"). 











Fig. 9. Improvised small wheel head 
and tailstock for Jones & Lamson thread 
grinder for {grinding form relieved 
fir tree root cutters. 


3. The most useful type of tool steel has been one 
of 22W, 12CO, for the turning and drilling, but 
a high carbon, tungsten chrome vanadium steel 
has, according to Wolfe and Carr*, given 
excellent results. 

4. To reduce friction and heat caused by high 
cutting forces an extremely high finish must be 
imparted to cutting edges and even the most 
microscopic serrations removed. Sometimes 
even a .002” bevel is quite effective. Some 
claims for improved cutting overseas are made 
for surface treatments such as Golden Arrow 
and Blue Arrow by Wolfe’. 

5. Tool, work and machine must be rigid as chatter 
is fatal. Drive must be smooth and powerful, 
as any deceleration may cause spots of work 
hardening. 


Coolant 


Extreme pressure oils are recommended and the 
supply must be copious and filtered, as any particles 
held in suspension are harder than the workpiece 
through work-hardening and can scratch and indent 
the work. This applies particularly to reaming and 
broaching where the coolant may be trapped in the 
tooth spaces. A good ‘“‘wetting’’ additive is an 
advantage. 

Milling 

The price of free machining is “eternal vigilance” 
on the part of the operator when milling Nimonic, as 
tools can break down completely in a few revolutions 
when allowed to become dull, with disastrous results 
to both cutter and work. Sharp-cornered cutters can 
acquire a }th radius in a few seconds and work 
becomes too hard to re-machine. 

High speed steel is used exclusively and to obtain 
a good grain structure cutters are much better made 
from forgings, as a considerable amount of bar stock 
is rejected for having a poorly spheroidised structure. 








Where possible, steep right-hand spiral flutes up to 


45° are used for end mills for best results. Flutes 
must have ample chip space owing to the resistance 
of this metal to tight curling; the tightly curled chip 
area should be multiplied by at least a factor of 8. 
Primary clearance should be from 5° to 7°, although 
Wolfe and Spear recommend 5° to 8° with a .005” to 
.010” land at 2°. We have found that a land is 
produced after the first few cuts with 7° clearance and 
the tool continues to cut well like this. Rake angles 
should be as large as possible; about 5° is the general 
practice but anything greater should be used only 
with a spiral flute. Cutting speeds up to 30 ft. per 
min. are recommended, but experience has proved 
lower speeds to give better cutter life when used in 
conjunction with heavy feeds, never less than .002” 
chip thickness per tooth, to avoid rubbing and 
consequent work hardening. Climb milling with the 
tooth starting its cut at full feed depth is ideal for this 
material. As an example of the sensitivity of Nimonic 
to any variation of cutting speed, on the boring 
operation inside the Nene turbine blade at 35 ft. per 
min., only nine parts per grind were completed 
whereas at 25 ft. we obtained 100 parts. 


Form Relief 


Ground form relieved cutters, such as those used 
on the fir tree blade root work well, having a cam 
rise giving 7° relief angle, more relief being difficult 
to produce by grinding even with a 3” diameter 
wheel, owing to interference (Fig. 9). | Modifications 
have been made to our Jones and Lamson thread 
grinder to use small wheels. This involved replacing 
the normal wheel head cover with a fabricated out- 
rigger spindle housing using the normal 20” wheel 
spindle as a countershaft. The standard internal 


wheel dressing device of simple rocking-lever type is 
used and a special back centre made up to clear the 
wheel spindle. 











The 5” diameter ground form relieved cutters for 
slotting and chamfering the turbine discs prior to 
fir tree broaching (Fig. 10), are ground using the 
periphery of a 14” diameter wheel to enable full 
relief back to the gash, a cone being dressed on the 
wheel to grind the chamfer at the same time and so 
obviate the need for blending two operations. As 
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Fig. 11. 


Eccentric curve comparison. 
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Fig. 10. Eccentric grinding turbine dise 
slotting cutters. Peripheral dresser, 
centre. Cone dresser, right. Stops 


attached to index plate. 


will be seen at the right of the picture, angular 
dressing is accomplished by a diamond held in a 
small angle block and sliding along a ground strip 
held in a vice set to correct angle. The relieving 
fixture is an old eccentric boring head from a Theil 
universal miller, which is set to approximately 4” 
offset, the tooth being ground when located with its 
centre about 90° from the direction of the eccentric 
throw. This position gives a very close approach to 
the Archimedian relief turned on the relieving lathe 
before hardening, (see comparative curves in Fig. 11). 
Distance d can be calculated at, say, 70° and 110 
for trial values of b and approximate lead obtained 
if necessary without plotting, as under, where a is 
cutter radius, b is amount of eccentric and c is to be 
determined and subtracted from radius of eccentric 
path, a plus b = R. Then, for any angle A 


Sin B b sin A ~ cor OD 
a 
C 180 A+B 
c gunG ... co MZ} 
sin A 
R Cc D. 


Now find the difference in D between the selected 
angles, then the difference multiplied by 360, divided 
by the difference in angles, equals the lead of spiral 
which, divided by the number of teeth in the cutter 
gives the cam rise or, to express as a formula calling 
the selected angles E and F and number of teeth N 
then, 


Cam rise 360D 
F-E)N 
Example shown: Dat 70 .193 (using (2 
a :° D at 110 oor 
b = .25 D 165 
Cam rise = .165 x 360 
=r 


= js approx. 





Fig. 12. improvised broach sharpening 
on Cincinneti tool and cutter grinder. 


Work is held on a hardened and ground spigot, 
indexed to spring loaded fingers and clamped. The 
whole fixture is then rotated, the movement being 
restricted to one tooth by stops placed in the index 
slots of the work head. Length bars at the table 
stops are used to locate the two diamond dressers in 
their correct position, thus saving much time in 
picking up the wheel positions. The amount dressed 
is governed by the stop adjustment screw. Some final 
adjustment was required to establish exact eccentric, 
and angular position and final setting noted for the 
future. 

The problem of relieving the smaller spline cutters 
was overcome by cutting a bench block in half and 
milling ““V” ways for ball tracks between top and 
bottom plates. To the top plate, free to roll in and 
away from the wheel, was welded a mild steel plate 
carrying the boss for the spindle bearing and studs 
for the change wheels borrowed from the Cincinnati 
miller. A hole was bored in the top plate to take a 
shaft, on which was mounted a cam purloined from 
the relieving lathe for which a recess was provided 
and the whole spring loaded against a hardened 
block in the base plate. A keyway was milled in the 
top plate to accommodate the standard machine 
centres supplied with the tool and cutter grinder on 
which the fixture was used. 

Later, it was found that by reversing the direction 
of the spring loading, removing the cam and placing 
a micrometer stylus on the top plate profiles could be 
produced on peripheral ground cutters from a master 
form held on the wheel head platform. 


Broaching 


The 54 turbine blades in the Nene engine have a 
serrated root form of the fir tree shape, so familiar in 
turbo-jet engines, and are attached to their discs by 
sliding axially into serrated slots round the periphery. 
These slots contain three machined elements on 








which broach wear is unequal, It is necessary, 
therefore, for reasons of economy to separate the 
broaching into three stages, although performed in 
one operation. The first is the fir tree, next the radius 
at the bottom of slot which is extremely critical as to 
dimensions and finish in order to avoid stress concen- 
trations, and finally the chamfering broach. All of 
these broaches presented problems and will be dealt 
with in the order mentioned. 

As the fir tree broaches were all imported, it was 
considered that there was plenty of time to obtain or 
make a machine for sharpening them, but to our 
dismay it was found that the broaching of only two 
discs was sufficient to impair the finish produced and 
occasionally only one. 

The usual practice in an emergency is to turn to 
the tool and cutter grinder for at least a temporary 
expedient, as there is practically no limit to the 
number of ways one can twist and tilt the various 
tables, attachments and wheelhead (Fig. 12). The 
wheel head was removed and replaced by a length of 
B.M.S. shafting to one end of which was spigoted a 
welded bracket to carry a quarter horsepower motor, 
and at the other, driven by a 1}” cotton belt, a spare 
wheel head from a No. 2 Brown and Sharpe surface 
grinder. This brought the wheel sufficiently far out 
at the side to enable the top table, normally used for 
angular or taper setting, to pass underneath it when 
swivelled at right angles to its normal position. It 
will be noted that the whole motor and wheel assem- 
bly can be turned in its housing, thus providing the 
necessary tilt for rake and clearance angle on the 
wheel. 

The broach (approximately 24” long) was mounted 
on an accurately ground channel section carriage 
provided with small shielded ball races rolling on the 
base plate, one set of races being on an eccentric 
spindle to provide for taper adjustment by raising or 
lowering one end. The carriage could be clamped 
whilst a tooth was being ground. 
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Tooth spacing being irregular, a common practice 
to avoid chatter, it was necessary to index at the 
tooth being ground and to provide means of retracting 


the finger after clamping. The broaches had 47 
teeth rising in .0017” increments, and eight finishing 
teeth, and owing to the small clearance angle, 1°30’, 
the apparent wear after use was as much as .040” 
back from the cutting edge, the actual wear viewed 
on a projector being about .020"; therefore, to 
preserve the life of the broach, sharpening could not 
be confired to the front of the teeth, but was divided 
between front and top. Plunge grinding at 14° was 
discarded as the wear of the wheel tended to spoil 
the cutting edge, so the whole broach was tipped up 
to 14° in order to allow traverse across each tooth. 
To finish off, the increments were checked with a 
fine straight-edge over several teeth. The index 
finger was attached to the wheel head and lined up 
with the wheel by an adjusting screw. 

The root broach was of unorthodox design, in that 
the top flat part of the roughing teeth were provided 
with a 2° clearance normal to a 5° shear angle, whilst 
the radii at the corners were to be relieved also at an 
angle to the side of the broach. With such specifica- 
tions as these, it is not unusual to compromise and 
make a broach that still works, the tool design 
department being then presented with a fait accompli 
and a request for drawing change. This request was 
readily granted as the original design was imported, 
and not our own. The alteration led to the fabrication 
of a gadget for attachment to the Cincinnati cutter 
grinder head with a vertical slide, which allowed for 
dressing the full form on a small wheel, using the 
rocking bar principle with the diamond holder taken 
from the Jones & Lamson thread grinder internal 
attachment. The device was hinged so as to swing 
clear of the wheel when grinding and yet still be able 
to resume its former position. The vertical slide 
allowed diamond feed, and was operated from a 
knurled knob at the top. Full form could now be 
ground at 2° clearance parallel to the side of the 
broach, and the error due to the 5° shear angle was 
ignored as the finishing teeth had no shear. To 
speed up resharpening, the shear angle on later 
broaches has been deleted with no appreciable 
detriment to finish or tool life. 

Chamfer broaches as imported gave trouble by 
scoring the work. This was caused by excessive chip 
loading at a spot on the tooth behind the chip 
breaker groove of the preceding tooth. These grooves 
were omitted in subsequent broaches, as it was 
thought that such a refinement was unnecessary with 
a cut only }” wide. 

Considerable warp and twist was encountered 
during the resharpening of the long broaches, but 
was overcome by constraining the broach movement 
in a holder similar to that used in the machine. This 
is one case of many where the so called “legal aspect” 
of inspection of the tool itself must be relaxed in 
favour of a functional check governed by the part 
tolerance. Another case was the form relieved fir 
tree milling cutter shown previously (Fig. 9), which, 
owing to the complicated relief mechanism employed 
in the thread grinder, had slight radial variation from 
step to step and from tooth to tooth for which they 
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were rejected. In an emergency caused by delay in 
delivery of overseas cutters they were tried out on 
dummy parts and produced an even more accurate 
form than had previously been achieved. Apparently 
the errors had cancelled out in production. Their 
comparative behaviour was mentioned earlier. 

Some interesting surface broaching experiments 
have been carried out with simple tooling fabricated 
in the production shop using an inserted tooth slab 
broach having a 30° shear, 10° normal rake, and 5° 
clearance variation in tooth height, increment being 
obtained with tapered backing plates or wedges placed 
under the complete broach assembly. This was used 
to augment production on the milling operations on 
the Nene blade root prior to machining the fir-tree 
form, therefore, times can be easily compared, being 
shown in Table 1. Cut was 3” x 2” long and the 
milling time was 7 min. 


TABLE 1 
Chip Depth Feed per Cycle Time 
Min. 
.002 05 7’ 45 sec. 
.004 .10 Sy 2 
.008 .20 Bg 


The comparison between tool life in broaching and 
milling is even more enlightening: 


TABLE 2 


Tool Life-Broaching. (Milling 40 parts per grind.) 


Chip Feed per Min. No. per Grind 
.004 18” 2,700 
.004 3.5’ 2,000 
.006 a 2,000 
.008 3.9 1,200 


It may be thought that the re-grinding time for 
the broach may be considerably longer than the 
milling cutter, but this is not so, as the inserted teeth 
are easily dismantled, placed in a fixture and all 
sharpened together on the surface grinder. 


Drilling Nimonic 

The design of twist drills calls for the same steep 
rake and large clearance angles demanded in lathe 
tools and milling cutters, also greater strength and 
hot hardness than standard drills. This necessitates 
steep spirals, short flutes and thick webs, and what is 
most important, they should be made from a really 
good quality steel. To indicate the position for a 
drilled hole by a heavy centre punch mark in Nimonic 
would be, to say the least, entirely misleading as to 
its eventual location, if any, as no ordinary drill will 
ever penetrate such an effectively work-hardened 
spot. This characteristic demands strict attention to 
the thinning down of the drill web to ensure the 
minimum of dead or non-rotating point, also to the 
provision of ample clearance to prevent any tendency 
to rub and work-harden. Any other precautions such 
as correct speeds and feeds come more under the 
heading of production and are usually the result of 











careful experiment and close observation of results of 
which the grinding crib and tool design should be 
kept informed, but suffice it to say that drills must be 
kept cutting at all times at no more than 30 ft. per 
min. and never allowed to “‘dwell’’, or immediate 
work-hardening will ensue. Some success has been 
achieved with the “gun’’ type of drill where work- 
hardening is troublesome—the point being offset and 
operating more in the manner of a trepanning tool. 
It must be reiterated that the quality of steel from 
which the drill is made is of major importance. The 
most expensive drill does not cost as much as a 
scrapped component or the time lost before futile 
efforts to re-drill are abandoned. 


Tapping 

Taps should have extremely good finish to reduce 
friction and as much hook or rake as possible up to 
15°, and should be highly polished to avoid resistance 
to clean chip curling. It should be remembered that 
chips are work-hardened and thus capable of damage 
to the threads produced, therefore radial relief must 
be kept to a minimum and it must be ensured that 
the back face of the land is at least radial and never 
with negative rake, which would tend to jam the 
cuttings between the outside diameter of the tap and 
the hole on reversal. Here again, considerable 
success is claimed in the United Kingdom for patented 
surface treatments on taps. Wolfe* has postulated an 
austenitic layer on ground surfaces which this 
treatment eliminated and which produces an anti- 
friction surface. Trichlorethylene is an excellent tap- 
ping lubricant for heat-resistant and stainless alloys. 


Reaming 

The compressor rotor blades are attached to their 
discs or wheels by means of pins fitted to holes of 
extreme accuracy and high finish. In the case of the 
stainless steel discs, draw reaming is specified, using 
tipped reamers with alternate teeth of opposite helix, 
the smallest of which is only about .200” diam. and 
7” long necessitating the use of diamond wheels and 
extremely sensitive precision cutter grinders. Very 
high finish is imparted to the land, lead and rake. 
Other reamers of H.S.S. used on the aluminium alloy 
rotors at the ‘“‘cold’”’ end of the compressor are honed 
with very fine Aloxite and India stone cup wheels, 
the clearance being taken right to the cutting edge 
and completely removing any trace of radial land. It 
may be contended that such a reamer would soon 
lose size and, unless running very true, produce 
oversized and bell-mouthed holes. Contrary to 
expectations, this has not been the case since, when 
used in an accurately bushed jig, even on an old 
machine, holes of correct size and excellent finish have 
been produced without any undue reamer wear. It 
has long been fairly generally accepted that the 
maximum diameter of a straight fluted reamer with 
radial lands, or cylindrical lands as they are often 
called, is found some distance back from the cutting 
edge, owing to wheel compression when hitting the 
lands as the diameter is being ground. This effect is 
even more pronounced with tipped reamers and can 





be demonstrated by using a cast iron lap charged 
with fine diamond dust and running the reamer 
backwards. As much as .0002” is often required to 
bring the lapped diameter right up to the cutting 
edge. With the large number of reamers required, 
such a practice would be uneconomical, hence the 
honing away of lands of the high speed steel reamers 
and the use of peripheral diamond wheels for the 
tipped type, which incidentally are given a short 
back taper of about 4° x +” long at the back end 
of cutting edges to prevent scoring the hole. 


Brazing of Reamer Tips 

High speed steel is used for the body of the small 
reamers**and, after hardening, the tips are 
soldered in with low temperature rod (630°C) whose 
melting point is below the secondary heat treatment 
temperature of the body. Thus the hardness of the 
pilots is retained, but with the larger reamers, cost 
demands the use of case-hardening steel for the body 
and shank; this raises the problem of brazing in tips 
and still keeping the remainder of the reamer hard. 
Our Toolroom at Lidcombe advised us that they had 
been successful in quenching reamers after the tips 
were brazed in. We had already broken one cardinal 
rule of the tip manufacturers in confining the tips on 
three sides and one end and got away with it, so why 
not commit the heinous offence of subjecting them 
to thermal shock? The bodies were carburised, slots 
milled and copper plated .010", and tips plated the 
same amount as it was thought that this might not 
only assist brazing but act as a cushion. Tips were 
brazed in, using high temperature bronze rod (about 
875°C) and the whole quenched from 760°C. So far 
we have not had a cracked tip! 

Reaming is eliminated in the case of the holes for 
securing the blades in the aluminium rotor wheels 
which are step drilled, the drills having up to five 
steps with the finishing size tipped. Trouble has been 
experienced in modifying some makes of standard 
drills, most of which have considerable run-out, up 
to as much as .018” eccentricity between neck and 
taper shank on some and }” axial displacement at the 
cutting end of others; this is not confined to local 
products. The stepped drills are slotted at the flute 
helix angle to take the tips with a small grinding wheel 
similar in shape to a Woodruff cutter and having the 
same radius as the back of the tip. 


Jigs and Fixtures 


The principal problem met with, particularly in 
the turning fixtures, is the demand for almost perfect 
concentricity of the numerous casings and rings which 
are generally of a flimsy nature and are difficult to 
hold and locate without distortion, also the effect of 
thermal expansion upon large aluminium alloy 
components of about 2 ft. in diameter. To overcome 
this, the fixtures are made from alloys having the 
same co-efficient of expansion as the components, 
which are located by a circle of 12 or more hardened 
and ground pins which, having only line contact, 
allow for a much closer fit on the component spigots 
with less tendency to jamming and damage than if 
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such a neat fit were attempted with a solid recess in 
a soft alloy fixture. It may be suggested that this 
line contact may exhibit a tendency to rapid wear 
but, so far, there has been no evidence of this, and in 
any case it is no trouble to turn the pins to new 
positions almost indefinitely. Care has to be taken 
with the fitting of these pins, particularly when used 
for face location, as any excessive tightness in their 
holes stresses the base plate and causes a wind or 
“swash”’, and flatness in this type of fixture is of the 
utmost importance, usually having to be within 
0005”. 


Gauging 

With light components of large diameter the pro- 
blem of effective gauging arises, especially with 
aluminium. Some rings are so flexible as to preclude 
the possibility of using flat plug gauges, owing to the 
probability of distortion, so the old-fashioned pin 
gauge has been brought into use. Extremely accurate 
measuring can be achieved without any pressure on 
the component bore by specifying so much “travel” 
at the top of the hole when the pin is resting on the 
bottom; thus, using Rolt’s approximation for clearance 
h? 

— where h 
8L 
diameter hole and one end of the pin rocking as much 
as half an inch, the clearance between the pin length 
and hole diameter is only .0025”. 

These pin gauges are usually made of the same 
material as that which they are to gauge, but with 
hardened steel spherical points and encased in a 
wooden handling block. ‘Their method of finishing 
to size requires considerable care and is the result of 
some interesting experiments. With a length of up 
to 3 ft. and .0002” tolerance, they had to be allowed 
to stabilise in the gauge room along with the made 
up length gauges for at least 25 hours before checking, 
so naturally, with literally: hundreds to make and 
replace, some quicker method had to be devised. 
The first step was to segregate gauges into batches 
falling within a |” range, then an aluminium bar 
was machined to take the | /10,000th micrometer and 
fiducial indicator from a standard N.P.L. type thread 
diameter measuring machine which was set to stand- 
ard gauges. The smallest of each of about eight 
batches was then roughly sized and sent to the gauge 
room for check after remaining there all night. Using 


travel and L = pin length, for a 2 ft. 


these as standards and with the micrometer bed of 


the same material as the gauges, good results were 
anticipated, but failed to materialise on days of rapid 
temperature variation. This we attributed to, and 
later proved to be caused by, the difference in mass 
of the micrometer bed and gauge body, with a 
consequent time lag in temperature change. Quench- 
ing of the master and gauge seemed to be the only 
solution, so a 3 ft. length of 3” pipe was welded to a 
base plate and placed vertically beside the grinding 
machine. Dilute cutting compound was used to 
quench work and master for 2-3 mins. and both 
were compared immediately, being handled as little 
as possible, using a cloth between hand and gauge; 
care was also taken to dry thoroughly, as it has been 
found that rapid evaporation on a hot day may 
cause sudden cooling if under a window in a draught. 
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An example of the degree of certainty using this 
method was demonstrated on another type of gauge. 
An 8” aluminium flat plug with steel ends, was 
cylindrically ground. This job was required urgently 
during a hot spell when the temperature was 92°F, 
and having been ground was quenched in the 
machine’s coolant tank at 78°F along with the 
standard slip gauges, the difference in expansion for 
10° above standard temperature, .00067” being 
allowed for; it was then measured under a tenths 
comparator and was eventually found by the gauge 
room to be within .00005” of nominal size. 

The behaviour of these length gauges during 
temperature changes is such as to indicate the 
influence of mass on the rate of change in length. In 
order to obtain some method of roughly estimating 
what could be expected, tests have been carried out 
which appear to indicate a relationship between the 
volume to surface area ratio and time taken to reach 
stability. To mention one case, two gauges were 
compared, one being 3” diam. and 4” long, and the 
other 1” diam. and 4” long, their volume to surface 
area ratio being 1.8 and 4.5 respectively. The 


thinner gauge had two and a half times the ratio of 
the other and under test at a room temperature of 


84° after being quenched at 74° the 3” diam. gauge 
took two and a half times as long to reach room 
temperature size. Another interesting feature is the 
change in the rate of growth which appears roughly 
exponential in form: when plotted. Assuming a long 
aluminium pin gauge has contracted .0008” on 
being quenched, to reach its original size at room 
temperature, it will increase .0004” in the first hour, 
.0002” in the second, .0001” in the third and so on. 
This works both ways, so that a gauge sent from a 
warm shop into the gauge room for checking needs 
to rest with the standard set-up quite a long time for 
extreme accuracy. Any time and expense involved 
in these experiments has paid handsome dividends in 
the renewed self-confidence of the tool grinders on 
the type of work, as there is nothing more unnerving 
to a good toolmaker than to find errors occurring in 
his work for which he can find no explanation. 

The method of producing accurate spherical points 
rapidly on pin gauges may be of interest as it is simple 
and effective. Gauges were held in a spring collet 
which was also used to accommodate the wheel 
dressing device, set to the prescribed radius and 
operated manually by slowly swinging round the 
pivot pin which could be stationed in one of several 
holes for different radii. By this method the dead 
spot in the centre of the rotating pin gauge is taken 
care of by the grinding wheel. Final polish is 
imparted to the point by inserting smooth emery 
cloth between the dressed radius of the wheel and 
revolving gauge whilst rocking the wheel slightly with 
a cloth held against it. A handy tip for use when 
small amounts have to be removed for correction is 
to have the gauging surface plated to provide means 


of “ coming down ”’ to size. 


Banana Gauges 

These are for measuring the ‘throat area’’ between 
the nozzle guide vanes, which has to be evenly 
disposed around the assembly for best performance. 
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The gap between the vanes at the tip, centre and 
root has to be accurately measured and the vanes so 
disposed as to give the same area in each of the four 
quadrants of the assembly. Gauges are used in 
conjunction with a fixture which locates them at the 
correct stations. The Nene gauges have a concave 
profile in the form of an arc and an outside shape 
which is a constant rise or Archimedian curve, giving 
.001” rise for every degree round the arc as indicated 
by radial graduations. Early attempts to make these 
gauges from ground carbon steel stock were a failure 
owing to distortion; then non-shrink steel was used 
which was still not sufficiently accurate after harden- 
ing. The method now used is to rough mill to the 
approximate radius with the gauge held on the face- 
plate by extension pieces and located on dowels 
enabling both sides to be worked on at the one 
setting. The dividing head is geared to .360” lead 
for milling the outside. After heat treatment the 
same method is used but a Dumore toolpost grinder 
is substituted for the end mill. Graduations are 
milled sufficiently deep to allow for surface grinding, 
using a 30° double angle cutter. Rough checking for 
correct nominal size is carried out with a knife-edged 
vernier and final measurement by an _ indicating 
device, employing knife edge points preset to 
slips. A later type of gauge, just to tax our 
patience further, is a double-ender having 
opposite curves, one end from nominal plus and the 
other from nominal minus with .002” rise every 14°. 

The gauging of turbine blade thickness (Fig. 13) 
at stations throughout its length at leading edge, 
trailing edge and centre position is carried out by a 
multi-pin gauge, measurement being taken over the 
end of pins by micrometer, the contact with blade 
being made with small spherical points. Holes for 
these pins are jig-bored at the various angles normal 
to the blade profile at the spot being measured, their 
centre line location being established from the fir 
tree holding block on the base to component drawing 
dimensions. 

Measuring wires for the fir tree serrations and small 
fuel jet drills and gauges being so hard to procure, it 
was decided to try making them ourselves. After 
futile attempts at obtaining consistent results between 
centres, it appeared that centreless grinding was the 
only way out and as the production shop machines 
were too large another raid was made on the spare 
casting rack and scrap heap and the long suffering 
tool and cutter grinder was again recruited in a new 
guise. (Fig. 14.) 

Considerable experiment was necessary with the 
work blade angles and height, and it was found that 
with the small sizes the range for each blade was 
quite limited. Whereas scrap on the .060” wires 
between centres had been about 75%, it is now 
practically nil with accuracy within .0001”, using 35 
blade angle and work .030” above wheel centres. 
The grinding wheel is a 38.60 KBE., 5 x 2 x 1} and 
the regulating wheel, trepanned from a worn out 
production discard, was 34” diam. and 2” wide 
working at 42 r.p.m. The last work turned out with 
this set-up was a batch of 1 mm wires to be within 
.00005” and, out of 16, nine were within .00002” and 
the rest within tolerance. 











Fig. 13. Checking fixture for Nene turbine blade thickness. 
Note all pins have axes normal to blade profile. 





Fig. 14. Centreless grinding .050” diameter fir tree gauging 

wires within .0001”". Diamond shown swung out of 

position dresses white wheel, which then trues control 

wheel. Workhead and motor are Cincinnati equipment. 
The rest is * junk ’. 
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Conclusion 

In conclusion, it is hoped that some of the simple 
devices that have been illustrated as used on standard 
machines to perform tasks usually carried out by 
special equipment, may be of use to small shops who 
could be of great assistance to the aircraft and defence 
industries in time of emergency, but who are some- 
what over-awed by the specifications and fine toler- 
ances prescribed. 

It has been said that the aero-engine industry is 
over-tooled. Such a remark may be inspired more 
by superficial impressions than by careful analysis. 
It must be appreciated that, whilst aero-engines are 
becoming more and more complicated and con- 
sequently require greater skill in their manufacture, 
the number of skilled tradesman has, owing to reduced 
margins, become less and less. Therefore, rather than 
risk the scrapping of components (which in some cases 
cost several hundred pounds even in the early 
operations) through lack of skill, every possibility of 
error must be eliminated by almost foolproof 
tooling. In spite of all precautions that are taken 
with even simple jobs to combat stupidity, the shop 
supervisors are constantly making up gadgets, not so 
much to aid or increase production, as to prevent 
spoilt work. While good machinists are driving 
baker’s carts and serving behind bars, we must 
continue to rely on the few whose nature is more 
creative than acquisitive, to make _ production 
foolproof. 

This introduces another subject for consideration, 
that of “unofficial’’ tooling made in the production 
shop. There is undoubtedly a place in the modern 
shop for this sort of thing, but it must be properly 
supervised, co-ordinated and recorded with the tool 
design and production departments either as a change 
or an addition. Consider the surface broach; this 
machine is constantly being tried and used to 
experiment on erstwhile milling operations, tooling 
being fabricated and tried on the spot with no 
experimental tool design cost until the successful 
fixture is recorded either for duplication or replace- 
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ment. As another example, milling cutters have 
sometimes and on some materials had their output 
per grind increased 100° by changing the primary 
clearance angle from that specified to as much as 6° 
for a trial, when sent to the re-sharpening crib. 
When worn-out, new ones are made in the toolroom 
to the original prints, with the resultant reduction in 
output, and the impression that the toolroom can’t 
grind cutters. Cause—no co-ordination—change was 
not recorded on the tool drawing issued with the new 
order. 

In the old days, there was a tendency to regard 
the Tool Department as highly esoteric and any 
attempt to alter, improve or replace tools regarded 
at its best highly unethical, and at its worst a casus 
belli or walking ticket. Now there is more tolerance 
and tool design appears to have universally accepted 
the fact that much can be learned from the man on 
the job; hence the tendency to decentralise tooling 
in some large modern shops following the trend 
towards specialisation. 
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HE production engineer, in his search to improve 
E eantieenaien methods, is making increasing use 
of a wide variety of electronic devices. In some 
instances, electronics may offer the most practical 
solution, but there are many applications in machine 
tool control where a choice has to be made between 
hydraulic and electronic systems giving comparable 
results. 

The prime object of this Paper is to summarise 
some of the principal electronic techniques now 
available to the production engineer, and to present 
some basic problems for which an electronic solution 
is likely to prove practical and advantageous. 


Electronic Control 
General 

Processing by electronics is now quite familiar and 
there are standardised equipments such as high 
frequency induction and dielectric heaters. The 
control of many industrial processes, either in part 
or whole, is now carried out with the aid of elec- 
tronics, and quite often the equipments comprise 
timers, photo-electric counters, warning devices and 
ignitron contactors, all of which are now well known. 

However, there is a wide field of application in 
process control and machine tool control for the 
special electronic controller, designed to deal with a 


17 


DETROIT PUBLIC LIBRARY 








particular problem, generally in association with 
existing mechanical equipment, and which has so 
far received little attention. 

It is as well to enquire into the reasons for using 
electronic controls and to this end some basic pro- 
perties will be considered, with special reference to 
the electronic controller. 


Basic Features of Electronic Control 

Electronic equipment will often give improved 
results compared with older methods in applications 
where a high order of precision of control is required. 
This is not due to any inherent precision in the elec- 
tronic circuits as such, but is primarily due to the 
very small power required to control the circuit 
operation. For example, the controlling power for a 
typical amplifier is equivalent in mechanical terms 
to the power required to raise a domestic pin through 
a height of one foot in one hour. 

It will be appreciated that to control a quantity 
to a given accuracy, it must be possible to measure 
it to within that accuracy. The high sensitivity and 
low power input which are characteristics of elec- 
tronic controllers permit the use of precise measuring 
equipment which would be unable to withstand 
significant electrical or mechanical loading without 
impairing the accuracy of the measurement. 

For example, consider a simple motor speed 
control. The speed of the motor is measured by 
means of a tachometer generator coupled to it, and 
the desired speed is represented by a D.C. voltage 
which is compared with the tachometer voltage in an 
electrical circuit. Any disparity between the two 
voltages causes the electronic control to speed up or 
slow down the motor until the two voltages are equal. 
It is important that only a very small current should 
be drawn from the tachometer generator, otherwise 
its voltage would not truly represent the speed of the 
motor. The speed of response of the motor can be 
made so quick and sensitive that it is far in excess of 
the control likely to be achieved by a human operator. 
This form of control is also capable of giving a wide 
stepless speed range. 

Automatic equipment can frequently be employed 
to advantage in relieving human operators of the 
strain and fatigue often associated with repetitive 
operations, particularly when the attainment of a 
satisfactory result requires great care and attention. 
For example, photo-electric control can be used in 
conjunction with a pointer type of indicating micro- 
meter to stop the feed of a grinding machine when 
the workpiece is within tolerance limits. The pointer 
of the indicating micrometer interrupts a beam of 
light at the appropriate reading and this operates a 
photo-electric relay which initiates the withdrawal of 
the grinding wheel. A number of human faculties 
can be reproduced by electronic means in a more 
consistent and untiring form than any human 
operator can provide. Also the speed of operation 
can often be increased by a substantial factor. 

A further field for electronic control arises when a 
process or operation is to be controlled in accordance 
with a number of different variable factors. For 
example, when reeling wire, strip or sheet material, 
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it is often required to maintain constant tension in 
the material as the reel fills up. Hence the torque 
applied at the reel must build up in proportion to the 
effective radius. It is not always easy to measure 
the radius directly, but it can be obtained from the 
ratio of the speed of the material to the speed of the 
motor. The speeds of the motor and material are 
measured by tachometer generators and these signals 
are fed to the electronic panel. The circuit computes 
the radius and regulates the motor armature current 
accordingly. 

Providing that the various factors can be expressed 
as electrical signals, and only rarely is this not 
possible, electronic circuits can be designed to accept 
these signals and convert them to a controlling signal 
which corresponds with any reasonably straight- 
forward mathematical combination of the input 
signals. 

The motor speed controller and the reel drive just 
described make use of a closed sequence, as indeed do 
all accurate automatic controllers. The sequence of 
operation is closed since the error which is the 
difference between the desired value and the measured 
value of the controlled quantity, causes the controller 
to operate in a manner that reduces the error. Closed 
sequence controllers are liable to hunt, but modern 
theory reveals how they can be rendered completely 
stable; this type of instability can readily be eliminated 
without causing any appreciable increase in the total 
size and weight of the equipment. 

**Priority”’ circuits, in which different signals take 
charge under specified conditions, are simply ar- 
ranged. A very common example is the necessity of 
limiting the armature current passed into a D.C. 
motor. 


Summary of Basic Advantages 

It is evident that the electronic controller has 
several very desirable features which give it the 
following advantages over other systems: 

(i) quick and sensitive response ; 

(ii) reduction of human fatigue; 

(iii) greater consistency arising from the elimina- 

tion of human errors; 

(iv) versatility of application ; 

(v) ease of matching to existing equipment. 

The very valuable facility of easy modification on 
site to meet conditions differing from those expected 
has been noted, and furthermore, this is generally an 
inexpensive matter as compared with other systems. 
However, it is a regrettable lesson of experience that 
such modifications are often made in attempting some 
degree of compensation for deficiencies in the machine 
or process to which the electronic device is applied. 


Applications of Electronics to Production 
Processes 


High Frequency Heating 

The two general types of high frequency heating 
equipment are induction heaters and dielectric 
heaters. In the induction heater, the high frequency 
current flows in a coil and induces heating currents 





in a metallic workpiece by transformer action. The 
dielectric heater applies a high frequency voltage to 
two plate electrodes between which is placed a non- 
conducting workpiece. In this case the workpiece 
forms the dielectric of a capacitor, and is heated by 
the dielectric losses set up in it. 


Induction Heating 


Induction heating techniques are extensively used 
in production lines for surface hardening of metals. 
Their great virtue, from a production viewpoint, is 
the fact that the hardening operations can be carried 
out at any point in the production line. There is no 
necessity to transport items to a hardening shop and 
back again. The procedure is quick, free from dirt 
or fumes, and has small heat losses, so that there is 
no undue rise in the temperature of quite small 
working areas. 

The hardening process can be accurately controlled 
and does not depend on the skill of the operator. In 
many cases, the heated surface layer of metal can be 
brought up to temperature so quickly that the 
temperature of the layer beneath is scarcely affected. 
When the power is removed, the cool layers beneath 
the surface chill the heated layer very quickly, and a 
self-quench action occurs. The depth of the heated 
layer is largely determined by the frequency of the 
high frequency supply given by the generator. 

When the depth of hardening required is too great 
for the self-quench action, normal quenching with oil 
or water may be used. High frequency heating shows 
an advantage here in that the depth of the heated 
layer need be no greater than that which the job 
demands. Hence the heat content of the specimen 
is much smaller than with through heating, and the 
heat can be removed more quickly without surface 
cracking. ‘This often permits the use of a water 
quench, giving a quicker and cleaner job than can 
be obtained with an oil quench. 

A 10kW heater is shown in Fig. 1. Alternators are 
sometimes used to generate high frequency supplies 
for heating purposes. Generally these are used on 
large through-heating applications, where consider- 
able power, say 100kW or more, is required. Allter- 
nators cannot produce sufficiently high frequencies 
for heating very thin surface layers, nor are they as 
versatile as the electronic high frequency generator. 


Dielectric Heating 

Dielectric heating is not used so extensively as 
induction heating, as it is not applicable to metal 
working industries. 


One important application is the pre-heating of 


moulding materials. ‘Thermosetting moulding mater- 
ials must be heated under pressure in a mould, and 
maintained at a specified temperature for some 
minutes to complete the “curing”? process. Much 
time in the press can be saved if the moulding 
material is heated before it is placed in the mould. 
If, however, the block of material is heated in an 
oven, in the time taken for the centre of the block to 
reach a sufficient temperature, the outer layers have 
advanced too far in the “curing’’ process to give a 








Fig. 1. 10 kW induction heater. 


satisfactory result when placed in the mould. Di- 
electric heaters offer an elegant solution, as the heat 
is generated uniformly throughout the material, and 
the temperature can be brought up very quickly. 

A dielectric heater of | kW capacity is illustrated 
in Fig. 2. The heater is versatile, and can deal with 
a wide variety of types and weight of moulding 
materials. In a typical jobbing shop, the throughput 
of existing moulding presses may be increased three- 
fold by their use. 

Another application in which dielectric heating 
equipments are finding increasing use is in the 
manufacture of furniture and plywood. Glue is 
extensively used in both these manufactures, and the 
quality and speed of production of glued joints can 
be significantly improved by the use of thermosetting 
glues, particularly if the glue can be heated without 
heating the wood. The dielectric heater is uniquely 
suited for this latter purpose. 

The manufacturers of glues have recently developed 
glues having a high dielectric loss to facilitate the 
method of production, and a large proportion of the 
furniture made in this country now uses these 
techniques. 
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Fig. 2. 
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dielectric heater with cover raised to show 
the plate electrodes. 





Photoelectric Devices 


Photoelectric relays which operate when a beam 
of light is interrupted or restored are widely used for 
simple applications such as burglar alarms, machine 
guards, counting articles, detecting pin holes and 
automatic gauging etc. 

A grinding machine fitted with photoelectric sizing 
control, as already mentioned, is shown in Figs. 3 (a) 
and 3 (b); press guard protection in Fig. 4, and a 
shear and twist machine operated by photo cell in 
Fig. 5. The latter application is a good example of 
precision timing using electronics and will be further 
considered. 

It is necessary in a certain rod mill for the billets 
to have an accurate leading section immediately 
before insertion into the dies of the next stage, but as 
a result of previous rolling, the leading end of the 
billet becomes splayed, and this part has to be 
sheared off to restore an accurate cross section. 
Since the billets may be moving at speeds up to 14 
feet per second, and are spaced at only one foot 
intervals, the shearing operation has to be performed 
in the short time of one fourteenth of a second. The 
timing of the shearing operation is carried out by a 
thyratron timing device which is actuated by a 
photoelectric cell placed 10 feet ahead of the shears, 
and working off the infra-red radiation of the hot 
billets. After shearing, the rod passes immediately 
along an open channel which is rotated at the 
appropriate instant under the action of the thyratron 
timer, thus ejecting the rod which drops to the floor 
in a loop, and giving it a twist before insertion into 
the dies of the next stage. 

In a slightly more refined form the photo-cell can 
be used to distinguish between different colours or 
degrees of brightness, and are so used in sorting and 


Fig. 3(a). Grinding machine fitted 
with photoelectric sizing control. 





Fig. 3(b). Close-up view of measuring head. 


Fig. 4. Photoelectric protection of press tool. 





Fig. 5. Shear and twist machine 
controlled by photo-cell and 
electronic timer. 
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grading applications. One automatic pea sorter can 
distinguish between green and discoloured peas at a 
rate of some thousands per minute. 

Photoelectric cells are also used as the error sensing 
elements in equipments for “edge guiding’’, i.e. 
controlling the lateral position of the edge of a 
continuous strip of material as it passes through a 
machine. The guiding of cloth into a tentering 


machine is a good example of the use of this form of 


control. 

Equipments using photoelectric cells are also in 
widespread use in the paper and printing industry, 
for keeping the printing and cutting processes in step, 
using a photocell to view printed marks on the paper. 








Fig. 6. Batch counting 
of cycle components. 


Such equipments soon repay their cost in the re- 
duction of spoilt products. 


Batch Counting 

There are many applications in industry for counting 
articles or component parts in batches and quite often 
a control signal has to be made available on the 
completion of a pre-determined number of counts. 
An example of this is shown in Fig. 6, where a batch 
counter is being used to count out cycle components. 
A standard size of box is used, and the batch counter 
is set up by the operator to count out the number of 
parts which the box will hold. On completion of the 
count, a control signal automatically stops the 


Fig. 7(a). General view 
of veneer clipping 
machine. 














conveyor and the table holding the boxes is indexed 
round to the next empty box. 

A more recent, and less common, use of batch 
counting is for measuring lengths of veneer. A 
general view of a veneer clipping machine can be 
seen in Fig. 7 (a). The movement of the veneer 
towards the clippers is transmitted by a friction drive 
to a large disc having equally spaced holes around its 
periphery. A photo-cell mounted near the disc 
monitors the holes passing it and a count of the 
number of holes is made by an electronic counter. 
The drive to the disc is so arranged that ten holes 
pass the photo-cell for a one-inch movement of the 
veneer, thus enabling the counter to register the length 
of veneer in inches and tenths of an inch. 

A close-up view of the disc, photo-cell, push button 
controls and the Dekatron counter is shown in Fig. 
7 (6). The length of veneer is pre-determined by 
plug connections inside the Dekatron counter, it 
being possible to set up six different lengths, any one 
of which may be selected by push button. On 
pressing a button corresponding to a_ particular 
length, the machine will operate continuously, 
clipping identical lengths of veneer. 

Speeds up to 130 feet per minute can be achieved, 
this representing a five-fold increase over previous 
methods, and cut lengths can be maintained to an 
accuracy of plus or minus } inch. The cost of the 
electronic control was saved in four weeks. 


Resistance Welding 

Resistance welding is the process whereby two 
pieces of metal are raised to welding temperature by 
passing a large electric current through the junction 
of the two, the actual weld being completed by 


Fig. 7(b). Close-up view, showing 
the disc, photo-cell, push-button 


control and Dekatron counter. 


mechanical pressure when the metals are hot enough. 
It is generally agreed that electric resistance welding 
is one of the most rapid methods of assembly known. 

The general process has been known for very many 
years, but the advent of electronic control has 
improved the quality, consistency and speed of the 
process to such an extent that it is now in universal 
use, and has spread to many fields in which the 
requirements of operation could not be met in the 
pre-electronic era. 

In order to obtain the large welding current at a 
low voltage from the public A.C. supply, a welding 
transformer is used, and control of the welding current 
is exercised by control of the primary current in the 
transformer. 

The major contribution of electronic control to the 
process lies in the method of controlling the primary 
current. The mechanical or electro-mechanical 
contactor previously used has several defects, the 
principal ones being slow speed of operation, inade- 
quate consistency of operation, mechanical wear and 
deterioration of contacts, and difficulty of ensuring 
opening and closing of the contacts at consistent 
points in the cycle of voltage. All these defects are 
overcome by replacing the mechanical contactor with 
an ignitron contactor. 

A sectional view of a 140 amp. ignitron can be seen 
in Fig. 8 and gives some idea of the general con- 
struction. Basically the ignitron consists of a graphite 
anode, a mercury pool cathode and an ignitron which 
dips into the mercury pool, these elements being 
enclosed in a glass envelope which is itself surrounded 
by a water cooling jacket. The ignitron can be 
regarded as a heavy current switch capable of carrying 
current in one direction only when “switched on’’ by 
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Fig. 8. 
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Sectional 


view of ignitron, 
construction. 





showing general 








passing current into its ignitor. Once current has 
been established in the ignitron it continues to flow 
until the anode voltage is made negative to the 
mercury pool cathode, when the current is extin- 
guished. The ability to break the current cleanly is 
thus an inherent characteristic of an ignitron when 
used in A.C. circuits. 

In order to carry alternating current, two ignitrons 
connected in opposite senses are necessary so that they 
conduct current in turn as the voltage alternates. If 
the voltage to the ignitor is applied as a short pulse 
while the ignitron anode is positive, welding current 
flows from the point in the cycle when the ignitor is 
pulsed until the ignitron anode goes negative at the 
end of the half-cycle. Variation of the timing of the 
ignitor pulse in the half-cycle during which its anode 
is positive will vary the value of the welding current 
and hence will also vary the heating effect of the 
current. Further control of the heating effect of the 
current can be obtained by varying the total number 
of half-cycles in which current is passed into the weld. 

The ignitron contactor comprises a pair of reversely 
connected ignitrons with a simple circuit for supplying 
the ignitors with current when an external contact is 
operated. It can be regarded as a straightforward 
replacement for the mechanical contactor. 

When the welding operation requires more precise 
control than can be given by a simple externally 
controlled contact, an automatic welding equipment 
is used. The simplest of these is a spot-welding 
equipment comprising an ignitron contactor with an 
electronic timing or control circuit to permit a pre- 
determined and adjustable number of cycles of current 
to pass when the operating switch is closed. A control 
of this type is shown in Fig. 9, in conjunction with a 
deep throat welding machine. As welding progresses 
along the steel cylinder, a closed loop of metal is 
formed around the heavy current conductors, giving 
rise to an inductive volt drop which would reduce the 
welding current. A special feature of this controller 
is its ability to maintain constant welding current 
irrespective of the variable electro-magnetic loading 
caused by the formation of closed loops in the work- 
piece. 


Fig. 9 Deep throat machine with 
spot weld control giving constant 
current. 































































The addition of a control which varies the timing 
of the ignitor pulse in each half-cycle greatly increases 
the versatility of the device, as the intensity of the 
welding current can be controlled independently of 
its duration. 

The precision of control of the welding current 
obtained by these methods is far in advance of any- 
thing attainable by human judgment, and shows a 
considerable advance in consistency and freedom 
from trouble over mechanical devices such as dash- 
pots. The resulting welds are consistent, and when the 
control settings have once been determined for the 
job in hand, the results can be repeated at any time 
without difficulty. 

When one or both of the pieces of metal to be spot- 
welded are rather thick, there is considerable risk of 
burning the outer layers of metal which touch the 
welding machine contact tips, before the junction of 
the metals has risen to welding temperature. This 
can be prevented by applying the current in a series 
of “shots”’, allowing brief intervals between shots for 
the heat to spread through the metal. 

This form of control is known as pulsation or wood- 
pecker welding, and requires an extension of the 
timing facilities to control the duration of the intervals 
(cool time) and the number of shots per weld (heat 
time) in addition to the duration of each shot. For 
many years controls of this nature have been designed 
around the time discharge properties of a capacitor 
and resistor, but quite recently a more elegant 
solution has been found in the use of Dekatron 
counter tubes. 

The Dekatron counter, which is a glow discharge 
tube, is used for counting pulses and it has great 
merit in directly providing a display of the count. A 
single tube can be used as a 10-position register, each 
mv 8 causing the glow to move one position clock- 
wise. With suitable circuits it is possible to select 
counts from 1-10 on a single tube by turning a 
switch, the counter automatically re-setting and pro- 
ducing an output signal at the end of the selected 
count. Time pulses are very conveniently obtained 
from the 50 c/s mains supply and the Dekatron 
therefore counts in 1/50 second units or more simply, 
in cycles. By using two Dekatron counters to control 
respectively the “ON cycles’”’ or heat time, and the 
“OFF cycles” or cooling time, complete control of the 
welding cycle can be obtained. 

A combined spot and seam welder control equip- 
ment using Dekatron counters is shown in Fig. 10 (a). 


Fig. 10(a)—top, right. Spot and seam welder 
using Dekatron coynters. Ignitron contactors 
are housed in lower part of cubicle. 


Fig. 10(b)—below, right. Close-up view 
of Dekatron counters. 





The welding cycle is set up by switch selection of the 
requisite number of “ON” and “OFF” cycles 
respectively, the range of each control being 1-10 
cycles. For longer welding times there is a ““LONG 
SPOT” control which covers the range 10-90 cycles. 
The close-up view of the Dekatron and controls in 
Fig. 10 (b) shows clearly how the welding cycle is 
displayed. 

When the work commences to heat up as welding 
current flows, it softens and the pressure of the welding 
tips causes some indentation of the metal. Until this 
deformation is completed and the tips are properly 
bedded in the metal, the electrical contact between 
the tips and work is of a variable nature and may give 
rise to “splashing”’ or minor local burning around the 
tips. This does not greatly affect the quality of the 
weld, but seriously reduces the life of the tips. 

A circuit addition known as “slope control” 
ensures that the welding current increases from a low 
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Fig. 11. Modern seam welder. 


value during the first few cycles, allowing the tips to 
bed before the full welding heat is applied. This 
additional control has been known to increase the 
life of welding tips tenfold. 


Programme control welding equipments, an 
example of which is seen in Fig. 12, have provision 
for varying both the value and duration of the welding 
current for each weld in accordance with a pre-set 
programme. These more complex controls have made 
possible the welding of many alloys previously con- 
sidered intractable. 


A disadvantage of resistance welding operations is 
that heavy, intermittent single-phase loads are im- 


posed on the A.C. supply. Where the economics of 


the case justify it, three-phase equipments may be 
used. These take a balanced load of good factor, but 
are more complex than the single-phase equipments, 
and consequently more expensive. 


Fig. 12. Programme 
welding machine for the 
assembly of aluminium 


alloy cowlings. 
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Electronics as Part of a System 
General 

The electronic devices already dealt with may be 
described as additional aids to a process, but it is 
not uncommon to find electronics engineered into a 
sequence of a process, as for example, in conveyor and 
sectional drives. 

Attention will be confined to applications in which 
the electronic device is controlling a motor, as these 
occur very frequently, and embracing as they do, the 
expanding field of machine tool drives, are extremely 
important to the production engineer. 


Standard Motor Controllers 


Standard equipments are available for controlling 
motors from } to 600 h.p. rating. D.C. motors are 
generally used, speed control being effected by the 
separate or combined variation of either armature 
voltage or field excitation, giving an infinitely variable 
speed change over the required range. The D.C. 
power for the armature is obtained from a converter 
working on commercial A.C. supplies, conversion 
being either by static rectifier or motor generator set. 
With the latter form of converter, it is usual to 
employ a Ward-Leonard control of the motor arma- 
ture power. Both forms of conversion permit the 
main flow of power to the motor to be controlled by a 
much smaller power which can be supplied con- 
veniently from hard valves and thyratrons. 

The form of static rectifier used depends on the 
motor horsepower to be controlled. In equipment 
for supplying motors up to 40 h.p. rating thyratrons 
are used; higher ratings of 50 to 600 h.p. are supplied 
from ignitrons. An example of a thyratron equip- 
ment is shown in Figs. 13 (a) and (4), which isa 3 h.p. 
wall-mounting panel. 

The two thyratron rectifiers are placed in upright 
positions at the edges of the panel and the field 





Fig. 13(b). Standard — thyratron 
motor control panel for 3. h.p. 
with the front panel open. 











Fig. 13(a). Standard thyratron motor control 
panel for 3 h.p. 


rectifier valves and control valves are mounted 
horizontally between the thyratrons. A control 
equipment for 350 h.p. is shown in Fig. 14. 

Power conversion from A.C. to D.C. is carried out 
by six water-cooled ignitrons mounted in the right 
hand compartment. The main incoming and out- 
going connections and the A.C. circuit breaker are 
housed in the centre section. The left hand compart- 
ment contains an upper armature control panel, a 





central field control and a lower panel which carries 
a motor-operated speed control potentiometer and 
auxiliary supply transformers. When wide speed 
control is required in a machine tool, electronic 
control offers a neat and compact solution, and it is 
possible to accommodate the electronics within the 
machine as can be seen in Fig. 15, which is a grinding 
machine controlled by thyratron rectifiers. 

For straightforward speed control, an error signal 
is obtained from the difference between a reference 
voltage selected manually by a potentiometer and a 
voltage proportional to speed which is derived from 
the armature circuit of the motor, or from a tacho- 








Fig. 14. Ignitron motor control 
equipment for 350- h.p. 


meter generator coupled to the motor. The error 
signal, after suitable amplification, is used to control 
the flow of power into the motor which responds in a 
manner which reduces the error. In order to get an 
output from the power controller, it is always neces- 
sary to have a small error signal and, therefore, there 
is always a small difference between the potentio- 
meter voltage and the tacho-generator voltage. 
However, the difference is so small that overall 
speed accuracies of 0.5°, of full speed can easily be 
achieved from no load to full load. 

The motor is fully protected from overload by a 
current limit control which limits the value of arma- 


Fig. 15. Grinding machine with 
built-in thyratron panel for speed 
control. 
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Fig. 16(a). Stocking 
knitting machine with 
variable speed control 
using thyratrons. 


ture current to that which the motor can safely with- 
stand. Good power factor and high overall efficiency 
can be readily achieved. The electronic regulator is 
also very flexible and a motor may be controlled to 
give different characteristics such as constant speed, 


constant torque or constant horsepower by virtue of 


the closed sequence of control. 


Special Applications 

In hosiery manufacture it is necessary to operate 
the knitting machine at several pre-set speeds in a 
sequence determined by the progress of the article 
being made. A 3-phase thyratron rectifier equipment 
rated at 5 h.p. for controlling the speed of a fully- 
fashioned stocking knitting machine is shown in 
Fig. 16(a). The required speed of operation is 
determined, by cam-actuated switches within the 
knitting machine and these in turn select appropriate 
pre-set speed potentiometers in the control cubicle. A 
close-up view of the control cubicle (Fig. 16 (6)) 
shows the six pre-set speed potentiometers on the 
left hand side. The control amplifier is situated at the 
top of the cubicle and further down the three 
thyratrons for supplying armature power can be seen, 
with the field rectifier valves mounted immediately 
underneath them. 


A further example of the electronic control of 


motors is in sectional drives for paper making 
machines, this form of control representing a notable 
advance in the method of driving such machines. In 
a 17-section paper machine, each section is powered 
by a D.C. motor with constant field excitation and 
Ward-Leonard generator control of the armature. 
Each motor has its own generator which is excited by 
grid-controlled thyratron rectifiers. The individual 
driving motors with tacho-generators and some of the 


Fig. 16(b). 


Close-up 








view of control cubicle for knitting 


machine. 
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motor generator sets can be seen in Fig. 17, which is 
a view of the dry end of a 17-section paper making 
machine. 

‘The difference between the tachometer voltage 
which is a measure of motor speed, and a reference 
voltage representing speed, is amplified and applied 
to the grid-controlled rectifiers supplying the generator 
field. The closed sequence of control, coupled with 
high amplification ensures that the difference or error 
voltage is maintained at a very low value. No 
moving parts are involved in this speed regulating 
system which is therefore free from inertia effects, 
giving rapid response and freedom from mechanical 
wear. 

The operating speed range is from 40 to 400 feet 
per minute and the regulation is such that the speed 
change due to all causes is less than 0.1%. Fig. 18 
is a general view of the electronic control gear. 

There are many more applications for electronic 
control of motors but only brief mention of these can 
be made. They include motor control in newspaper 
printing presses, wind tunnel fan drives and spindle 
speed control in the ring spinning of cotton, etc. 


Machine Tool Control 
General 

The advance of electronics into the machine tool 
field has only recently become marked, but the rate 
of expansion in this field is now high. On small 
horsepower drives where a wide speed range is 
required, electronic control offers a cheap packaged 
system giving an infinitely variable choice of spindle 
or feed speed, with small neat controls which can be 
housed anywhere on the machine or separately. The 
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motors with direct coupled tachometer generators are in the middle 
foreground, and some of the individual motor-driven generators may be seen at the right. 





Fig. 17. View of the dry end of a 
17-section paper-making machine. The driving 





motor is usually inherently protected against over- 
load, and has good speed regulation over the whole 
working range. 

The wide speed range can often eliminate much 
gearing. Interconnection of the spindle and speed 
circuits can also eliminate long shafts and lead 
screws for giving feed rates related to the spindle 
speed. On very large machines, the concentration of 
many small controls into a single control station can 
save much of the operator’s time in operating the 
machine. 

Feed rates can readily be controlled to maintain 
constant load on a milling cutter or grinding wheel, 
thus maintaining the machining conditions at their 
optimum, and raising machine productivity. If 
maximum production is to be obtained from lathes 
and boring mills on facing cuts, the headstock or 
table speed must be increased as the tool moves 
towards the centre of rotation in order to maintain 
constant cutting speed, and hence optimum cutting 
conditions. The time to complete a facing cut can 
be reduced by 30%, to 40°, in this way. 

For multiple operation applications in which a 
number of different spindle or feed speeds are 
required in succession, electronic controls offer simple 
and cheap methods of setting in any chosen number 
of pre-set speeds which can be selected manually on 
a small multi-way switch, or set-in in succession 
automatically as the machine completes each opera- 
tion. 


Copying Devices 


As visitors to recent machine tool exhibitions will 
have seen, there is now a considerable range of 











machine tools available fitted with devices for re- 
producing a machined part in accordance with the 
shape of a master template. 

Of the copying devices used, the majority control 

one only of the feed motions of the machine, and are 
known as “single dimension’ copying equipments. 
They have a wide field of application in lathe work 
for the production of parts such as shafts with steps 
and tapers, and can bring about considerable 
reductions in machining time. The majority of such 
equipments are hydraulically operated, and for the 
general quality of work required, electronic controls 
have difficulty in competing in first cost. Electronic 
controls can however offer better accuracy of control 
than can be maintained with all-hydraulic equip- 
ment, and are much more adaptable to applications 
a little different from the usual run. 
+ Fig. 19 shows an electronically controlled copying 
bathe set up for machining eccentric workpieces. The 
electro-magnetic tracing head and the template 
appear in the middle foreground. The cross slide 
carrying the milling cutters and tracing head is 
moved by a feed motor under automatic control to 
keep the stylus in contact with the template, which is 
rigidly connected to the rotating workpieces; a 
constant feed is applied to the lathe saddle. This 
equipment will maintain a controlled feed of 60” per 
minute, with a change in stylus deflection of only 
0.001”. With such a high sensitivity, rapidly changing 
contours can be machined accurately. 

There are, however, many contours which cannot 
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Fig. 18. General view of the ® 
electronic control equipment for the 
17-section paper-making machine. EE 
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be machined by the automatic control of one feed 
motion only and it is necessary to control two motions 
simultaneously. Electronic controls are much more 
competitive in these more complex applications and 
are now used for operations such as milling out air- 
craft spars of continuously varying thickness and 
cutting irregularly shaped holes. It is important to 
note that two and three dimension control cannot be 
obtained by simply adding separate automatic tracing 
feeds to the second and third motions; unified control 
of the feed motions is necessary. 

In a two-dimension system there are two feed 
motors, giving separate drives to the two feed motions 
which are generally at right angles to each other. 
Fig. 20 illustrates a tracing head in which a stylus 
responds to deflections parallel to the two feed 
motions and produces a control signal proportional to 
both the amplitude and direction of stylus movement. 
The control signal operates on suitable circuits 
driving the two feed motors such that a constant 
working deflection is produced at the stylus which 
moves tangentially along the template. The working 
deflection, which can be selected on the equipment 
to be from 0.005” to 0.04”, depending on the applica- 
tion, can be allowed for by making the radius of the 
stylus greater than that of the cutter by the amount 
of this deflection. 

The accuracy of copying is very dependent upon 
the mechanical condition of the machine tool and the 
feed speed used. Maximum errors of the order of 
004" can be achieved on slowly varying contours 
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with feed speeds around 12” per minute. With 
careful design, the errors can be reduced to about 
.001” at a feed speed of 2” per minute, the actual 
figure depending on the shape of the contour to be 
followed. Higher speeds of 60” per minute or more 
can be achieved, and the error may be held to .005” 
or less for a gently curving contour. 

Machines are available in which the path of the 
cutting tool is controlled by photo-electric means 
from a drawing of the required contour. The 
accuracy attainable is lower than with a solid tem- 
plate, this type of control being commonly used on 
flame-cutting equipment cutting boiler plate. 

Three-dimension control is necessary for die- 
sinking operations; two perpendicular axes to trace 
the contour of the cross-section of the master template, 
and a third mutually perpendicular axis to apply an 
incremental feed on the completion of each pass in 
the contouring axis. Small workpieces may be 
machined on either vertical or horizontal machines, 
but the more massive forms are generally machined 
on horizontal millers, an example of which is shown 
in Fig. 21. It is possible to select either a vertical or 
horizontal contouring plane to suit the work in hand, 
or the depth motion may be cut out to permit 
profile milling of interior or exterior shapes in the 
vertical plane. The two- and three-dimension equip- 
ments just described are also fitted with a “‘steering”’ 
control which enables the operator to guide the tool 
to any part of the workpiece so long as the stylus is 
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Fig. 19. 
copying lathe set up for machining 


Electronically controlled 


eccentric workpieces. 


not in contact with the template. When the stylus 
meets the template, the tracing head automatically 
assumes complete control and contouring commences 
round the template in one of two directions as 
selected by a switch. 

A recent development allows all three motions to 
be under contouring control, but as the system must 
have built-in means of deciding in which of the 
infinite range of possible directions it shall proceed, 
the control scheme becomes rather complex. 


Automatic Machine Control 

In a copying device, the information governing the 
motions of the machine tool is in a simple mechanical 
form representing directly the shape of the machined 
product. Automatic control has been carried beyond 
this to a point where the required information is 
contained in magnetic tape or punched card form, 
eliminating the template and tracing head, and 
making the change of machine set up from one job 
to another as simple as changing a gramophone 
record. 

The most straightforward system of this type uses 
a normal machine tool which may be fitted with 
contouring attachments, but has in addition small 
electric machines, of the type generally termed 
“synchros”’ fitted to each motion. 

The machine is made to perform all the necessary 
operations to complete the machining of the work- 
piece, the signals from the synchros being recorded 








Fig. 20. A two-dimension tracing head. 


on magnetic tape. The tape now becomes the master 
record of the process, which can be repeated at any 
time by a ‘“‘slave’’ machine which is also fitted with 
synchros, the slave being controlled electronically so 
that its synchros repeat all the motions previously 
carried out by the synchros on the master machine. 

Another machine recently demonstrated in the 
U.S.A. uses punched tape information to control all 
its functions, the tape being prepared directly from 
the manufacturing drawings. This particular machine 
has a number of limitations, particularly in dealing 
with curves, which must be approximated by a series 
of straight lines. It can, however, be taken as an 
example indicating the present trends of development 
towards rendering the quality of the product indepen- 
dent of the operator’s skill and judgment. 


Reliability 

One of the most important qualities required in 
equipment intended for use on high rates of pro- 
duction is reliability. Failures must be few, and such 
faults as do occur should be readily located and 
corrected. Electronic equipment does not normally 
suffer from mechanical wear, but care must be taken 
in the design to ensure that an equivalent trouble, 
drift in characteristics, does not become sufficiently 
pronounced to entail frequent re-adjustment of the 
circuits. 

The performance and reliability of electronic 
equipment is judged too frequently on hearsay and 
second-hand evidence. It is an unfortunate fact that 
a failure will receive far more publicity than the 
thousands of hours of trouble-free service which can 
normally be expected of well-designed equipment of a 
simple nature. It is to be expected that as equipment 
increases in complexity, the number of components 
and hence the rate of fault occurrence will increase, 
but this is, of course, also true of non-electronic 
equipment. 

The susceptibility of electronic equipment to 
troubles associated with variations in components is 
determined as much by the skill and experience of 
the designer, as by the quality of the components, 
nevertheless only first quality components should be 
employed in industrial electronics. Lower grade 


components will reduce the selling price, but the 
saving will almost certainly be lost in more frequent 
outages for re-adjustment or correction of faults. 


Fault Location 

The provision or omission of built-in monitoring 
equipment is largely a matter of economics. Generally 
on small equipments where the market is highly 
competitive, such additions are reduced to a bare 
minimum. As equipments increase in complexity, 
the case for monitoring becomes stronger, but the 
determining factor is always economic. 

In applications in which shut-down time is very 
expensive, extreme measures are sometimes taken to 
ensure that any failure will result in the faulty section 
being removed from the circuit and replaced with a 
spare section. Complex equipments can usually be 
broken down into functional groups of circuits. It is 
good design practice to ensure that such groups are 
readily distinguished one from another in_ the 
mechanical assembly, and to make provision for the 
testing of individual groups. This usually means that 
provision must be made for breaking into the connect- 
ing circuits. 

The authors thank the Directors of the British 
Thomson-Houston Co. Ltd. for permission to publish 
this paper and acknowledge the help so freely given by 
many colleagues during its preparation. 








Fig. 21. Die-sinking on a horizontal milling machine fitted 
with three-dimenson tracer control. 
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I AM well aware that this is a controversial question 
to which a categorical answer cannot be given, 
but it is my opinion that if the present Higher 
National Certificate in Production Engineering does 
satisfy the needs of industry, then industry is taking 
a very short and narrow view of the whole subject. 

In order to support my opinion, I would ask you 
to consider the following facts and figures. 


Quality of Students 

In selecting candidates for the College of Aero- 
nautics, there are interviewed as well as graduates a 
number of fairly highly-selected Higher National 
Certificate (Production) students who wish to do 
post-graduate work on aircraft engineering. Since 
they are interested in production, they endeavour to 
join the Department of Aircraft Economics and 
Production. There are also students who have 
pursued different preliminary courses prior to coming 
to Cranfield. 

There is thus a good opportunity during the two- 
year course to make comparisons between the three 
main streams—first, the University stream, that is, 
students who have taken an engineering degree and 


34 


wish to do post-graduate work in the field of produc- 
tion; secondly, students who have pursued technical 
college studies (or studies leading to an external 
degree at technical college) in subjects such as 
mechanical engineering, and thirdly, those who one 
would naturally expect to proceed to more advanced 
studies in the field of production engineering—the 
H.N.C. production students. 

Over a period of six or seven years, it has been the 
general experience at Cranfield to have to refuse 
admission to a considerable percentage of the H.N.C. 
(Production) students, who wish to follow this course, 
because their general educational qualifications are 
not adequate. In fact, in general, they tend to 
compare somewhat unfavourably with those who have 
very nearly the same kind of background and training 
but have previously chosen to study mechanical or 
electrical engineering and have taken the appropriate 
H.N.C. 

Experience at Cranfield has also shown that the 
Mechanical Certificate with production subjects as 
ancillaries gives a better result than specialisation in 
the production field throughout the whole course. 

There are some people who, from the educational 





point of view, will point out another aspect; that the 
very bright and most intellectual and _ intelligent 
students do in fact have a tendency to pursue what 
they think is the more difficult stream through their 
college years. They take the Mechanical H.N.C. 
or Diploma (or the electrical or other similar courses). 
Thus the people that the Institution of Production 
Engineers naturally recruits tend to be those who feel 
themselves unable to—or whose tutors think that they 
will not—in fact clear the more difficult hurdle and 
who therefore had better make the best of a simpler 
course. This is clearly not the best type of student 
for the most exacting job of bringing up the levels 
and standards of production in this country. In 
America the attitude towards industrial engineering 
is different. 


Modern Complexity 


This is only one small aspect of the picture, but I 
shall try to relate it to the whole picture and to give 
you some other reasons for my opinions. 

The field of production engineering is constantly 
becoming more and more complex. Complexity and 
the rate of development are, or should be, comparable 
to purely technical developments. In many cases, 
the requirements for a man who is to handle these 
complex problems are not that he should know the 
way it is done at the moment, or that he should have 
had lengthy, detailed and intimate experience of 
current practice. What is required is that he should 
be equipped to go ahead and do something quite 
differently from the way it has been done before— 
that he should know how to tackle new jobs. To my 
way of thinking, and this is borne out by experience 
at Cranfield, it is very often the man who has had a 
wider and more basic training in logical thinking and 
in the physical sciences who is best suited to handle 
problems of this kind. 

In general, in the past, the production engineer 
has been regarded as somebody who can deal 
immediately with a limited range of problems on the 
shop floor. He has generally been taken from the 
ranks of the skilled craftsmen who tend to “think 
with their hands” rather than on paper in a deep 
logical fashion. This type is not so prepared to 
throw away what he knows in the search for some- 
thing in the future, for further development. In this 
particular instance, the tendency has been to select a 
man for purely technical reasons rather than for the 
broader administrative aspects which are becoming 
the main requirement of industry at the present time. 

The training available in the field of production 
engineering at present gives undue emphasis to 
purely current and straightforward pieces of know- 
ledge which are not very different from those of a 
craftsman. As time goes on, the amount of thinking 
of this type which is required will diminish (or at 
least its importance will diminish). I do not think 
we have faced, as yet, in the stream of Higher 
National Certificate students, the necessity for a wider 
range of subjects and for better basic training. 

For example, in that part of industry which is 
concerned with manufacturing, which is largely the 
matter under discussion, more attention should be 


paid to, and much more emphasis laid upon, the 
administration aspect, the handling of organisational 
problems, the financial and personnel aspects, in the 
training of this particular type of engineer. 

It may not be a suitable time to do much about it 
while a man is at technical college. The task of 
educating students who can only be released for a 
limited period during their apprenticeship years, 
whilst working in a firm, is difficult. One must not, 
in the circumstances, dilute what can be taught to 
them by including a whole lot of subjects of the 
administrative type. But we should be deluding 
ourselves if we were to assume that a man trained 
for the Higher National Certificate as a preliminary, 
so to speak, had an adequate basis on which to build, 
by personal study or by acquisition during his service 
with the firm, a satisfactory modern standard of 
industrial engineering or an adequate rate of develop- 
ment to the position where he can be judged fit for 
modern management. 

The word “‘modern’’ is used deliberately, because 
modern management, whether we like it or not, is 
moving in a different direction to that of our fore- 
fathers and, indeed, this is the experience of most of 
the people who are operating at this time. A good 
many of the management problems which now have 
to be settled arise in conditions and contingencies 
which have not been found in current practice and 
the experience of the executives in the organisation. 


Developing New Methods 


There are obviously some fortunate organisations 
making a product which does not change, or which 
has small technological content. These can probably 
proceed on the same form of apprenticeship with 
people learning the trade in a general way and not 
bothering too much about other matters. But there 
are a large number of industries which, to remain 
competitive with American, foreign and overseas 
firms (or with the better organisations in this country 
which have adopted modern technologies) must have 
the necessary technological brains to develop these 
new methods. Otherwise, they will soon be in a most 
difficult and, indeed, almost impossible position. 

What I have in mind, of course, are such matters 
as automation, the utilisation and handling of new 
materials, and the final “‘optimization”’ of the firm’s 
operations as a whole—the integration of the firm’s 
total operations at the optimum point by the use of 
such techniques as operational research. This 
requires great knowledge of statistical methods and 
sometimes of the more advanced branches of statistics. 
Data must be comparatively accurate so that pre- 
dictions can be made from limited data (not from 
years of operating experience) and from a number of 
other techniques which until quite recently were 
perhaps regarded by industry at large as somewhat 
‘rarefied’ and related to the dim and distant future. 

The speed with which some of these new techniques 
have swept in is already well-known. Those who 
have had to try and cope with them will be aware of 
the difficulty of finding anybody who can make a 
useful contribution in these fields. I would say, 
categorically, that I cannot imagine a production 
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engineer could, except in the most limited sense, 
attain high eminence in the future without at any 
rate a sound knowledge of modern statistical methods 
—this is becoming almost self-evident. Yet in most 
cases this subject is not included in the Higher 
National Certificate and the mathematics that would 
form the basic groundwork on which to build are not 
included in the syllabus. This is a very grave defect. 

The Universities are frequently equally at fault— 
although I am not dealing with them at this moment 

in their own courses. But the University student, 
when he realises the necessity for these techniques 
(and this is very often after he has graduated) knows 
enough in general about the disciplines of mathe- 
matics and physics and logical thinking to do much 
of the work for himself and achieve a reasonable 
standard. 

One of the great difficulties of the technical college 
student, and one which is manifested more noticeably 
by the production people, is a general tendency to 
be deficient in the approach to the subject from first 
principles. They expect knowledge to be provided 
in the form of question and answer, as in the 
catechism! No real philosophy is inculcated in the 
courses. I feel this may be an additional reason why 
we find that Higher National Certificate in Produc- 
tion Engineering leads to slightly inferior students as 
compared with the Mechanical. Although I fully 
agree that mathematics in an advanced form is not 
a requisite for production engineering in most cases, 
you can overdo it in the other direction, and possibly 
we have. 


The Quantitative Aspect 

Figures are also to some extent significant. In the 
manufacturing industry in the United Kingdom there 
are some 60,000 firms employing some seven million 
people. The firms vary in size from very large to 
very small, and by no means all these firms require 
production engineers. But a large number of firms 
have some people who perform this kind of function. 
Consequently these firms, who employ these millions 
of employees, would be expected to require possibly 
20,000 to 30,000 senior production engineers some- 
where in their organisations. With a number of this 
sort, the turnover and wastage that must occur due 
to old age, death, accident, changing jobs and so 
forth, will amount to a tremendous requirement for 
people to perform purely production functions, 
including the wider sense of the word—not actual 
production on the shop floor, but management, 
supervision, and later top-level management from the 
production point of view. 

Higher National Certificates and Diplomas produce 
only about 400 people each year. With endorsements 
and so forth, the figure is of the order of 500. In the 
mechanical field, the figure is a great deal higher, 
of the order of 3,000. These people are mechanically 
trained and the approach is frankly from the design 
rather than the operating and manufacturing point 
of view. 

It is well-known that a great many of these people 
do in fact go quite rapidly into the operating and 
manufacturing aspects and Fig. 3 gives an estimate 
of this. 
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In the mechanical field, which also feeds the 
production group at this level, there are some 6,000 
students who each year obtain the Ordinary National 
Certificate before proceeding to the Higher National 
Certificate, or the Production Certificate, in the 
subsequent period. This gradual whittling-down is 
not all wastage. By no means all the people who go 
through the course without getting their Certificates 
are a dead loss. They have learnt a good deal and 
have to some extent met the needs of industry. 

But the quantitative figures do compare most 
unfavourably with the same figures for America. I 
am not in general agreement with those who belittle 
the average level of the American training in these 
fields. In America there are tens of thousands of 
people with training of some sort in these fields*. 
This greatly exceeds in quantity the figures for the 
United Kingdom and the best men are of a very high 
quality. 

It is also well-known that the American production 
engineer, without having the advantage of apprentice- 
ship (to any great extent), does manage to produce 
virtually all the new production ideas, and if not the 
ideas, then certainly he produces the machinery and 
the mechanisms and the practical proof that these 
new ideas will work. They are then sold to Britain 
at great cost about five years after they have been 
current practice across the Atlantic! 

This does not seem to be any evidence that the 
method of approach is wrong, neither does it indicate 
that we ought to adopt it without change. We are 
perfectly free to adopt any sensible method to bring 
about an effective result. But it is my opinion that 
we are not yet achieving, either in quantity or quality, 
anything approximating to the real requirements of 
British manufacturing industry in the field of pro- 
duction engineering. 


Some Further Facts and Figures 


I would now like to refer to the illustrations to the 
Paper, which give an idea of the orders of magnitude 
and add some numerical substance to what I have said. 

Fig. | is well-known, but it is not specially related 
to production. I have not been able to extract 
detailed figures for those who might be regarded as 
engaged in production research, but it is certain that 
quite a measurable percentage are actually engaged 
in production research as well as in purely techno- 
logical services. 

It will be clear that even without accurate know- 
ledge of these figures, we are nowhere near pro rata 
in these matters. The dark shaded area represents 
research engineers and scientists. An American 
research engineer or scientist is not one of the people 
who get their diplomas in “brewing”’ at the University 
in 18 months. In these industries, he is usually a man 
with a Master’s degree, or possibly a Ph.D., of a very 
good University—a man who has done some good 
work and who has certainly had a sound graduate 
training in his work. 





* In 1950, degrees awarded: 


Business or Commerce ae ah 76,500 
Industrial Engineering a8 ae 3,630 
Engineering ... _ see om 53,500 
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These people occupied in research and science add 
up to approximately 97,000, which in the United 
Kingdom should represent the equivalent of about 
30,000 graduates engaged on research—many of 
them would be engaged on production research. 

The figures for the aircraft industry are better 
known to me than those for other activities. In that 
industry, a firm in America of the magnitude of one 
of our larger firms—that is, employing of the order 
of 10,000 to 20,000 people—will have on production 
research something like 50 engineers devoting 
themselves to the development of production matters. 
This is additional to the many hundreds working on 
aerodynamics, structures, electrical work, and so on, 
and they will be graduates—not foremen who have 
the task of getting the job through the shops—but 
men engaged on real production research. 

Firms like Lockheed’s and North American have 
long since put into standard production large slab 
integral skins which are still only being talked about 
here, because of the lack of technique and machinery. 
Our knowledge of it is derived largely from reading 
American journals. We know it works, and is not 
merely an academic theory. But on making a start, 
difficulties immediately arise, many of which could 
have been foreseen by an 18-year-old apprentice if 
he had been engaged on a basic study of the problems. 

In Fig. 1, most of the industries shown are not like 
the electrical and aircraft industries (which carry a 
high percentage of research engineers developing new 
ideas and methods of a technological nature) ; a large 
percentage of the research staff are engaged in 
research on manufacturing methods in those industries, 
not in pure research laboratories at all. It will be 
seen that these industries have over 50,000 men 
engaged in research. 

Fig. 2 comes from ‘‘Fortune’’. It indicates the 
percentage of American University graduates by 





various faculties. The heavy black line going across 
the graph almost diagonally upwards represents 
business and commerce graduates. It includes those 
who do industrial engineering and business adminis- 
tration and its related subjects. 

The line going down steeply represents the 
Humanities and Arts, the traditional University 
subjects. The Natural Sciences have generally 
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Fig. 2. The distribution of students in faculties in American 
Universites. 
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venaed to go down, and Engineering in the technical 
sense has only just held its own, in spite of the 
insistent demand for engineers for research and 
development as well as for ordinary operational work 
and the professional engineering activities. It will 
be seen that consistently and steadily there has been 
a growth in the percentage of those who consider 
that training in business and administrative functions 
is well worth while. 

Fig. 3 indicates roughly the history of the technical 
engineer. The figures are only general, and do not 
have any great accuracy, but they show what happens 
in subsequent years to former technical apprentices 
who have qualified in one way or another—Higher 
National Certificate or degree. The assumption is 
that in general they will qualify at the age of about 23. 


Board of directors 


It will be seen—and it will probably be agreed that 
this is reasonable, at any rate qualitatively—that the 
technical work done by these people diminishes 
steadily until they are 48. Even if we include those 
whose administrative work has a high technical 
content, the same sort of thing happens. Teaching 
does not attract many. The general group—sales, 
journalism, and so on—all of which are quite natural 
and necessary—does not expand very much. The 
technical training is regarded not as the main issue, 
but as an advantageous background. 

By the age of 48, something like 40°, of these 
people are engaged almost entirely on administrative 
work, a matter that is hardly dealt with in the 
syllabus or training of the people in the normal group, 
starting at the age of 23, under present circumstances. 
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Over 60% are no longer on purely technical work. 

The trend in Fig. 2 indicates that this ‘ end’ 
situation has been envisaged earlier in America. 
There has been specific training for that work instead 
of intensive training for technical work on which 
only 25%, will be engaged after the first 20 to 28 
years. 

Fig. 4 shows a similar rough picture of the individual 
in regard to the distribution of his time. A workman 
and a foreman spend a great deal of their time doing 
the job. As they go up in rank, they still spend much 
time getting things done according to the established 
procedure. But as soon as they become super- 
intendents, or managers, and from then onwards, 
‘doing’ almost disappears, and planning and the 
improvement of methods and general direction 
become more important. 

General direction is meaningless without some 
guiding star. It is essential for a man who is directing 
to have some intuition or method of arriving at the 
truth as to where he wants to steer his company or 
his department for the future. This also applies to 
planning and the improvements of methods, pro- 
cesses and products. 

Such ability does not, as we all know, come 
naturally. It is probably quite a simple matter; once 
people realise that they need to be taught how to 
plan improvements and methods, they can learn 
remarkably quickly, if they have had general know- 
ledge and experience in their organisations. But for 
some unknown reason, they just do not do it 
spontaneously. 


Conclusions 

I am not sure—because I do not know of any 
experimental data—whether, if people are taught 
management subjects early, when they are immature, 


the knowledge will be retained even though it is not 
used for a lengthy period. I do not know whether 
they would have the ability to use, for example, a 
simple sort of work study outlook, even though in 
between they have been concerned largely with 
technological matters; whether they would instinct- 
ively apply this knowledge slowly but surely io their 
laboratory or design or development work. But it is 
my own opinion that to some extent they will, for 
one does tend to retain such techniques and I am 
certain in regard to one important technique—that 
of statistical approach—that this is so. If one is 
trained initially in statistics, one will find throughout 
any other kind of work that it is an invaluable tool. 
It is one thing I would consider must be given very 
great consideration when dealing with the question 
of whether the Higher National Certificate is adequate 
for industry. 

Before I conclude, I would like to make one further 
point. If people do think that the Higher National 
Certificate is adequate, against what yardstick are 
they judging it? Have they ever had, in their 
organisations, for fair comparison, a man who has 
been trained differently; shall we say more ade- 
quately? Very few people in this country can have 
had this experience. Therefore the ‘practical’? man 
who has always been quoted in these matters is the 
wildest theorist. He is doing exactly what he accuses 
other people and scientists of doing. He is theorising 
on inadequate data on a subject in which he has not 
conducted any controlled experiments. 

Consequently, I throw back the ball to these 
* practical * people and say to them that no matter 
what their opinion may be, if they have not tried the 
experiment of comparing the man trained by the 
present methods with a man trained in another 
manner, then they are theorising. 


DISCUSSION 


Mr. H. E. Dance (Ministry of Education) said 
the subject was of immense importance. One of the 
first things to do in considering whether a particular 
educational service was right for a particular job was 
to ask the users whether they were satisfied with it 
and, if not, in what respect. Then one could discover 
whether, when and how their dissatisfaction could be 
met. It was really the job of the colleges to satisfy 


the demand, and the Ministry helped by way of 


grants. 

First, it was important to be quite clear about the 
terms “‘certificate’’ and “diploma”. The Higher 
National Certificate course usually followed a period 
of three years which began at the age of 16. In that 
period a boy usually took a Mechanical Ordinary 
National Certificate. There was no such thing as the 
Mechanical Ordinary National Certificate. There 


was no one type. The essence of the National 
Certificate system—and this was significant for the 
discussion—was that the College set up a course 
suited to the local requirements, and the local 
requirements came from the students and from the 
industries. 

One might say at once, therefore, that if any 
course in any place was not satisfying the local 
demand, then it was the fault of the industries and the 
students for not making their demand known. 
Nobody compelled the students to go into a course, 
and if the college wanted to change the content of a 
course, it might do so, provided that the course was 
not of less than the minimum standard required by 
the Joint Committee. This was true of all National 
Certificate Courses. 

After he had completed his ordinary course, which 
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was at the age of 19 plus, the student went on to the 
Higher National Certificate course lasting two years. 
These courses had as a minimum standard what could 
be done in three evenings a week, or roughly seven 
hours a week for two years for the Higher Certificate. 
A boy who took a Higher National Certificate in 
Production Engineering must first, as a minimum, 
obtain his Ordinary Certificate in three years. 


He might attend in the evening only. On the 
other hand, it was one of the important developments, 
on a substantial scale since about 1935, that industry 
had released apprentices for part-time day attendance 
at colleges. The student might attend for perhaps 
seven hours in the day-time, and he might, at his 
own option, attend on two additional evenings, 
running perhaps to four hours, so that he put in 1!1 
hours a week. It was clear that there would be a 
significant difference of standard as between the 
performance of a boy who had attended 11 hours a 
week for three years, and one who had attended for 
only seven hours a week. It was as well to have that 
in mind. There might be that significant difference 
of content in either the Ordinary National Certificate 
or the Higher National Certificate. 

Mr. Dance said he would like to draw attention to 
a difference which was difficult to put over clearly. 
There were some students whose ultimate objective 
was achieved when they had reached the Higher 
National Certificate. They had gone about as far as 
they could go. They were good men in industry. 
They were very useful, and normally they were 
referred to as higher technicians. They were the kind 
of people who applied known methods. Obviously, 
they had to use their common sense and, in a limited 
way, to make analyses and investigations. But in the 
main the known method was the basis of their actions. 

There were other students, and in a way they were 
the salt of the earth, who attended in the day-time 
and perhaps on one or two evenings, or even in the 
evening only, who went on after obtaining the 
Higher National Certificate for three, four, five or 
even six or seven years more. They might show a 
very high intellectual performance. When one came 
across them, one said what a pity it was they were 
not picked out earlier and given a better opportunity. 
These should be in sandwich diploma courses. 


In referring to people who had Higher National 
Certificates, some with endorsement subjects, who 
had gone on longer, one must expect a great variety 
of standards. Among them would be the men who 


had gone on and who often had the qualities of 


first-class engineers, although they might be deficient 
in the basic sciences. But they were the kind of men 
who ultimately overcame their deficiencies, and they 
were a very important element in the scene. 

The term “Higher National Diploma”’ had been 
used. Again, there were various kinds. A boy might 
enter an Ordinary National Certificate course at 16 
and being exempted from the first year would serve 
as a part-time student and as an apprentice for two 
years. He then might enter a sandwich diploma 
course lasting four years. Arrangements varied; in 
some 26 weeks were spent at the college and 26 in 
industry for each of the four years. 
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This student attended for 30 hours a week and 
assuming he had a week off, he would put in 750 
hours a year. Clearly, he would put up a much 
better performance than the National Certificate 
student. He would not have spent so much time in 
industry, but he would have done a great deal more 
work on the basic sciences and other subjects. 

Because of the limited demand, there were not very 
many diplomas, and there were only two or three in 
production engineering. In fact, there was at the 
moment no separate award, because one did not set 
up machinery for only a few courses. But there was 
an arrangement by which diplomas with sufficient 
production engineering content were countersigned 
by the Institution of Production Engineers, and were 
dealt with by both Joint Committees. This was 
probably the right solution, because in spite of the 
extra time, there was a lot more of physics and 
mechanics, theory of machines, strength of materials 
and mathematics than production engineering, since 
these were the bases of good engineering. 

He wanted next to touch on a rather sore point 
about the Higher National Certificate. Before the 
last War, there was no Higher National Certificate 
in Production Engineering. The general feeling was— 
and this was a semi-political. question, so one must 
be realistic about it—that the basis of good engineer- 
ing, whether production or any other, was good 
science, good mathematics, good English and good 
humanities, but not very much of the humanities 
because there was no time for them in a part-time 
course: they were learnt on the shop floor. One 
could see the quandary in which everyone was left. 
If it was argued that the basis of good engineering 
was science and mathematics, there was no difference 
at National Certificate level between mechanical and 
production engineering. In the time available for 
the Higher National Certificate, exactly the same 
course would serve both—taken by different people 
with different flavours, it was true! 

People wanted a Higher National Certificate 
course in production engineering, however, and in 
order to get it the argument was put forward that 
production engineering did not require mathematics. 
It was a practical sort of engineering. In the early 
Higher National Certificate, no mathematics as a 
separate subject was included. It was said that if 
mathematics was required, it would be done on the 
way along with the other subjects. But the only way 
to learn mathematics, for example, in the sense in 
which one wanted to use it for advanced statistical 
applications, was by spending time and thought on 
them. 

Mr. Dance said he was not suggesting for a moment 
that the course was not good. It was excellent for 
the higher technician and it was a very good thing 
that there were such courses. But the question he 
would put to the meeting, in addition to what 
Professor Connolly had said, was: ‘Do you still want 
people trained in that way—higher technicians? 
Can you make use of them? Are there people who 
can benefit from that course who could not benefit 
from some other kind of course?’” He would say 
emphatically that that course was no good whatever 
for professional engineers for the reason Professor 














Connolly had given. It had not enough basic science 
in it. There was not in it enough time to think in a 
deep fundamental way. A first-class engineer in 
production engineering should take the Higher 
National sandwich diploma course, or a University 
degree course, if one could be found which included 
production engineering. There were some such 
courses. But the Universities had been slow to move 
for reasons that to them were good ones. They did 
not quite know how to assess work in some of these 
awkward new subjects, and they preferred to learn 
slowly. 

In London, at the request of the production 
engineering industry, three sandwich diploma courses 
were set up in Technical Colleges. They were still 
struggling along with not enough students to make 
them work economically, because the industry was 
not sure yet whether it really wanted a special course 
or whether it preferred to take engineers with a broad 
general basis. The industry ought to think again, 
and it ought, in Mr. Dance’s opinion, to support this 
type of course which was still on an experimental 
scale. 

He would be glad if Professor Connolly could give 
numbers in making his assessment of the relative 
values of the three streams to which he had referred. 


He himself suspected that it was only a speck of 
cream floating on the top that was being picked off 


and sent to Cranfield now and again. It should not 
be assumed that the jug was full of cream or otherwise. 


(The following written comment was recived from 
Mr. Dance following the meeting): 


The development of industrial engineering courses 
in America have some bearing on this matter, but 
they use the term industrial engineering somewhat 
differently from our usage here. They have some 
four year courses in what we should call production 
engineering of the less mathematical type. These 
courses start immediately after High School at 18 
years of age. There are also industrial engineering 
courses of one or two years which follow a first degree 
in engineering which may have some _ industrial 
engineering content or not. It is these post graduate 
courses which provide highly trained people for the 
American manufacturing industry. 

In comparing American and British figures we 
should bear in mind that in America there are no 
technical colleges of the type that we know here. 
The work done in our technical colleges is done in 
America, as far as what is done there can be equated 
to our technical colleges, in the universities. 

It is interesting to note that about 4°, of the total 
engineering enrolment in America takes industrial 
engineering. Although we do not run courses which 
are called industrial engineering, in many colleges 
here subjects and group of subjects which fall under 
the same heading are taken and a number of candi- 
dates in such courses is again about 4% of the total 
engineering entry. It is probably true that in the 
United Kingdom the courses in mechanical engineer- 
ing, of which at least one third of the content is 
concerned with production engineering, have about 
three times as many students as the courses which 
are labelled production engineering only. The total 








provision for production engineering education 
cannot be assessed in terms of the courses which are 
called production engineering without also taking 
into account those which may have other names but 
have substantial production engineering content. 


Professor Connolly, in reply, said the definitions 
given by Mr. Dance — who knew far more than he 
about these matters — were most helpful. 

As regards numbers and the cream, he admitted 
that the numbers were indeed small. Students 
accepted in production plus those rejected at the first 
hurdle (that was to say, on application for admission) 
were of the order of 20. The mechanicals or degrees 
were of the order of 30 or so. This made about 40 or 
50 in all and what Mr. Dance had said was no doubt 
true. He himself had detected a big difference in both 
entry qualifications and later performance in those 
who had taken the sandwich course leading to a 
diploma, 

Perhaps he had not made it sufficiently clear that 
the title of his opening address was intended to refer 
not only to quality but also quantity. The quantitative 
aspect was in some respects disturbing than the 
qualitative aspect. 


Mr. Fren (G.E.C.) emphasised that the 
Ordinary and Higher National Certificate schemes 
were narrow not only on the technical side and in the 
sense that a man had insufficient time for principles. 
They were also narrow on the non-technical side. 
The engineer as distinct from the higher technician 
had surely to be a leader, particularly on the produc- 
tion side. Relationships with the people below him 
and with higher management were all-important. 
Non-technical subjects gave a breadth of outlook and 
a balanced judgment, qualities which were most 
necessary. 

It was not merely a question of whether a produc- 
tion engineer should learn Greek or philosophy or 
some such subject. It was far more a question of 
understanding and appreciating non-technical matters 
and even —say—one or two subjects outside the 
normal technical scope which could be introduced 
into the sandwich course. 

He hoped other speakers would emphasise the need 
for encouraging sandwich courses in which time was 
given not only to further technical subjects but also 
to the humanities and non-technical subjects. 


Mr. M. Seaman (British Oxygen Engineering 
Company) referred to volume as related to production 
and industrial engineering training. Everyone was 
well aware, he said, of the measurements made in the 
past — of the great difference between the increase in 
productivity per annum, of the very big improve- 
ments in technical methods in America and their very 
much higher ratios in the weight of effort as a whole 
in the technical training picture. Everyone here was 
quite saturated in it and some of the arithmetic of 
the problem to which Professor Connolly had already 
referred had been acquired. 
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On a recent visit to America, however, he had 
found they were preoccupied with another problem. 
It might be merely significant of the times, but some 
of their intelligence people had found out that the 
Russians were producing twice the output of 
engineers, technologists, and business administrators 
that was being produced in the United States. 

It was interesting that this had prompted the State 
Department to put forward a sum in the region of 
two million dollars to finance studies on why the 
Americans were so far behind the Russians. It would 
be interesting to consider why the British were so far 
behind the Americans and, therefore, so much farther 
behind the Russians. Perhaps some stimulus would 
be added by the discussion that evening to this very 
necessary exercise. 

If the figures were to be believed, there was a 
ratio of 8: 1 in the case of the United States and the 
United Kingdom in these classified types of 
administrators and engineers. In the case of Russia 
and the United Kingdom the ratio was apparently 
16: 1. That was the scope of the problem. 

Another thing which bedevilled the matter was that 
the age scale was not long enough. Nobody could 
become a competent production engineer or pro- 
fessional at anything else without a training range 
from, say, 16 to 30 years of age. Therefore, assuming 
that this was the area of time involved and taking the 
total population, the various disciplines and streams 
by which these people were acquired became less 
significant, provided the total content was of the right 
volume; that was to say, not one-sixteenth of the 
Russian figure. It was statistically inaccurate *‘o 
assume that only the intellectuals were of importance 
in this matter. People with kick and drive, with the 
addition of good training, were in fact probably very 
important types after 30 in the whole machinery of 
production, technology and so forth. 

From the point of view of the industrialist, as far as 
he could speak of it, it seemed that there was an 
immense dearth of people with the right training, for 
both the reasons given : first, many more of them were 
needed; and secondly, as Professor Connolly had so 
strongly emphasised, at present the technical rate of 
change was so high that still more would be needed. 

It was perfectly true to say that on the financial 
side every budget one examined in America had 
massive expenditure in this field. The root of the 
matter was that people in this country were not 
convinced of the need for such expenditure. It was 
an absolute fact that their late Victorian traditions 
still held them back and they were possibly twenty-five 
years behind where they need be. What was needed 
was a reorientation of thought. 

What it came down to was that there were a 
tremendous number of worthwhile people who were 
not getting the training they could be given, and 
there were a tremendous number of industrialists who 
were convinced that they ought to have it. These 
two aspects must be combined. 

Mr. Seaman had had actual experience himself, 
because he had sent some of his people to the diploma 
courses where they did 750 hours instead of 180 to 
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200 hours per annum. ‘The results had been very well 
worth while. But it still came down to the fact 
that sufficient people did not spend sufficient time on 
training and were not given the opportunity that was 
wanted. 

One might well take a leaf out of the American 
book. It was a matter of stimulation and education; 
and they were using the fact of their being behind the 
Russians in the present phase as a stimulus to drive 
and effort. Some study should be devoted to the 
same subject in this country. Nothing would teach 
the half-witted and the backward so much as the 
threat of the difference between the Russians and the 
British, for instance. If the Americans were feeling 
worried, the British also should avail themselves of 
the opportunity to achieve some improvement. He 
thought everyone would agree that only a relatively 
feeble effort was being made in this field at the 
moment. The next step was to strive for a strong 
stimulus to effort, knowing that the industrial 
prosperity of the country depended on it in the final 
issue. Out of that would come, quite apart from the 
arithmetic of the thing, the real effort that was so 
necessary. 


Mr. C. R. English (Staff Inspector for Production 
Engineering, Ministry of Education) pointed out that 
in talking about Higher National Certificates one 
should not be led astray by titles. Prior to 1940, 
students taking Higher National Certificates in 
Mechanical Engineering would have studied such 
subjects as thermodynamics, theory of structures and 
mechanics of fluids, in addition to basic mathematics, 
materials and machines. Now, with an enormously 
increased number of students taking the Mechanical 
H.N.C., over 60°, of them were taking machine tools 
and metrology in place of the traditional subjects. 
Surely this trend must be acknowledged when dis- 
cussing the education of engineers concerned with 
production. 

Furthermore, a number of colleges, increasing each 
year, were offering a further year of studies beyond 
such a Mechanical Higher National Certificate, these 
studies being concerned with production engineering 
technology and leading to the award of the Higher 
National Certificate in Production Engineering. To 
many of them, this was a good scheme, for a sound 
study of mechanical science preceded the specialised 
study of production technology. 

There was one major problem needing attention at 
the present time. Pupils leaving secondary schools 
fell into two main groups — (a) those leaving at 16 or 
earlier, and (b) those continuing to 18. The former 
group was well catered for with existing National 
Certificate and City and Guilds courses. Of those 
staying until 18, a number would go on to University. 
There were few production engineering courses in 
Universities at present. The number was growing and 
would almost certainly continue to grow, but it was a 
fact that few of this highly selected group would 
receive a production engineering education. It was, 
therefore, most important to provide training in 
industry and education in the technical colleges for 
those pupils who stayed at school until 18, and did 
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not go to University. This group was still highly 
selective, having probably done well in the G.C.E. 
examination at 16, as a prerequisite of staying on at 
school until 18. It was to students such as these, 
together with those achieving above average success 
in the Ordinary National Certificate examinations, 
that sandwich diploma courses were so well suited. 
These courses, an increasing number of which were 
including a substantial amount of production tech- 
nology, were one of the happiest developments of the 
post-war period. 

In spite of these developments, there was still need 
for the ‘straight’ Higher National Certificate in 
Production Engineering. The courses mentioned 
earlier were all built round mathematics. Whilst there 
was clearly a need for good mathematicians in this 
field, there was also surely a place in production 
engineering for a less inathematical approach. One of 
the functions of the production engineer was man 
management and this did not always go with mathe- 
matical ability. Hence the need to retain a course of 
a more practical nature such as the existing Higher 
National Certificate in Production Engineering. It 
was not very realistic to speak of raising the level of 
this course substantially if one remembered the time 
limitations of part-time courses. 

One final point: the new Notes for Guidance of 
Colleges running Production Engineering Courses had 
arrived from the printers that day. The Notes had 
been prepared by the Joint Committee representing 
the Institution and the Ministry and represented a 
substantial development of the scheme started in 1940. 
The intention was to broaden the course by endorse- 
ment studies in such subjects as personnel studies, 
statistical techniques, industrial cost accounting, and 
electronic control. Fifteen years was not a long time 
for a course to establish itself alongside other firmly 
established engineering courses. The numbers were 
growing — admittedly more slowly than one would 
hope — but in this speaker’s opinion the picture was 
not so dismal as it had been painted. 


Mr. G. M. Saul-Brown (Chief Education Officer, 
de Havilland Aircraft Co, Ltd.) speaking from the 
industrial standpoint, said that some firms were fully 
alive to the situation. In his own firm, about 2,000 
apprentices were attending courses. Many of them 
read for the London B.Sc. engineering degree. Others 
followed a National Diploma course. The majority 
took the Higher National Certificate in Mechanical 
or Production Engineering, and many of them 
coupled the two. They took the Ordinary National 
Certificate in Mechanical Engineering with possibly a 
Production subject added. This enabled them to pass 
over either to the Production or Mechanical Higher 
National Certificate. They might reach the point 
where they had, with their endorsements, the dual 
qualification of the Institution of Mechanical 
Engineers and the Institution of Production 
Engineers. 

It was felt that the point of decision came at the 
National Certificate stage and it was _ largely 
mathematics that would decide whether they should 








go purely for production or for mechanical plus 
production engineering. 

He did not think it had been realised that the time 
factor was very important in industry. Many of those 
who took their three subjects in A.l and A.2 felt 
that that strain was sufficient. Others could go beyond 
that and take additional strain, adding production 
subjects, making four or even five perhaps in each 
year, plus the endorsements. 

That experiment was being carried out with the 
different types, and it was hoped shortly to find out 
what was coming off the line; how they fitted into 
industry; what could be done to extend their educa- 
tion in industrial management subjects, Some of 
them could easily take further subjects, but there was 
this important point: by the time they had finished 
their apprenticeship, some would possibly not have 
got their endorsements. They then became eligible for 
call-up and there was nothing at present to stop them. 
Two valuable years were lost, therefore, at that all- 
important stage in the pursuance of these higher 
subjects, though Professor Connolly was_ possibly 
privileged to have some of these people. 

When they came back they would possibly pursue 
those subjects, and as Mr. Dance and Mr. English 
had said, they would make very good engineers. They 
might have reached a sufficiently high standard in 
mathematics to do all the problems that faced them as 
production engineers. But, after all, if firms wanted 
a mathematician or a scientist they could obtain one 
to work out these higher problems. As production 
was now a matter of team work, surely those people 
who had been trained by the Universities as scientists 
and mathematicians could naturally fit into the team 
where there was a very sound engineer who knew the 
floor of the shop and what was required. There were 
very few indeed who could absorb all the subjects 
that would be desirable to make an absolutely first- 
class, all-round engineer. That was why it was so 
necessary to find the right people to fit into a team 
and so to achieve greater productivity and do the 
necessary research work in production engineering. 


Mr. Page (South East London Technical 
College) said he would like to put forward the point 
of view of the student himself. Why did he go toa 
technical college ? Let them face it: he went to get 
a certificate. That was his prime motive, just as it 
was the prime motive in industry to make a profit. 

Then he looked round to see what Certificate he 
should take. Normally he would take the Higher 
National Certificate in Mechanical Engineering 
because industry looked upon it with greater favour 
than the Higher National Certificate in Production 
Engineering. That situation must be faced. 

The student only went to a technical college for 
what he could get out of it. One might search for 
these people, but what one had to do was to give 
them some incentive for which to work. 

Mr. Page would venture to suggest that one or two 
points were being missed and that more consideration 
should be given to the student. He differed violently 
from Professor Connolly as to the content of the 
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syllabus. It did not follow that what was in the 
syllabus was actually being taught! 

Then again more teachers were needed, and not 
only more teachers but teachers of better quality. The 
top level in education needed convincing in some 
cases that mechanical engineering was not more 
important than production engineering, and there 
should be no more advertisements in The Times 
Educational Supplement for teachers in the higher 
levels of production engineering at a salary a little 
more than that of the ordinary capstan and tool setter 
in a factory. 


Professor Connolly, in reply, said that a syllabus 
was, of course, not an all-embracing description of a 
man’s knowledge. Mr. Page was realistic : there was 
no altruism in this business. It was his own view 
that it was not the student who should be considered. 
One should consider what was needed in industry and 
endeavour to get the student to comply with the 
requirements. 

Apart from all the arguments about figures, there 
was a sufficiently wide margin to make one 
apprehensive, even if there were no other measure- 
ments. But there were a number of other measure- 
ments besides the figures for this country and the 
United States. There was the fact, for instance, that 
for many products the American worker and the 
American engineer received three times the wage or 
salary paid in this country, though this was not true 
of all products, of course, Yet they could easily 
compete on world markets. It was largely a question 
of the product. Barbers could not compete on the 
same basis because their work consisted very nearly 
of a purely man-hour content. But even with wages 
and salaries three times as high and with no great 
advantage in regard to material costs (because these 
were on a world basis) there was still competition, 
severe competition, on world markets as well as 
internal competition with the products of this country. 

There was clearly a _ considerable overall and 
general challenge in regard to productivity, and this 
was to some extent brought about by production 
engineering and not by harder work on the part of 
the American worker which, as everyone was aware, 
was not the solution to the problem. 


Professor T. U. Matthew (University of 
Birmingham) welcomed the opportunity to make a 
contribution to the discussion after Professor 
Connolly’s stimulating Paper. It was very timely that 
Mr. English should have called attention to the new 
note, which had just been issued by the Ministry of 
Education, forecasting the future trend in the develop- 
ment of Higher National Certificate courses. 

This led him to raise one point : that this was very 
much a developing situation. Not only were the 
educational authorities — the technical colleges, the 
Ministry of Education and the Universities — anxious 
to meet the needs of industry. They were seeking to 
find ways of measuring the needs of the situation, and 
also the success achieved by the courses already 
provided. 
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Measurement of this sort was a new art or science, 
in which they were all amateurs. There was not 
enough data as yet on the basis of which firm con- 
clusions could be drawn. 

He fully endorsed Professor Connolly’s point that 
one must be quite sure that the Higher National 
Certificate course in production engineering was, in 
fact, providing a basis for further study in such fields 
as automation, statistical methods, linear programming 
and operational research. These were all fields of 
great and growing importance, and if the Higher 
National Certificate course was not providing a basis 
for their study at an advanced level, it was falling 
short of the mark. 

The formal education of the production engineer 
should not finish with the Higher National Certificate 
course. Some people might be so misled as to think 
they had reached the goal with their Higher National 
Certificate. That conception was completely wrong. 
These people should be encouraged to go on to study 
all manner of endorsement subjects in other fields — 
industrial administration, management, and human 
relations. In this way the Institution of Production 
Engineers would be able to count among its members 
men with a breadth of vision who could see the 
industrial productions problem as a whole, both from 
the economic and technical standpoints, and who 
would thus become realistic leaders of thought in 
industry in the future. 

The educational process was essentially long-term 
and continuous in nature, but when it could be seen 
that it led to the development of outstanding leaders, 
the younger men would have an incentive to study 
production engineering. But the drive must come 
from the man as much as from industry, and it was 
essential to put across the idea that education was a 
continuous process and did not stop at the Higher 
National Certificate course, which was only the 
springboard for the next move. 

Industry itself was, of course, providing many 
opportunities for young men to learn production 
engineering. The leading production engineers were 
actively training all the time the men immediately 
responisble to them. In addition to this “on the job” 
training, however, industry should be encouraged to 
give more and more support to the courses set up 
in all the technical colleges in good faith and to get 
their young men to take these courses. It would be 
a tragedy if, through lack of drive from the 
Institution and from industry, they were not supported 
and moulded and changed to meet the real needs of 
the national situation. 


Mr. A. Vines (Production Manager, Fairey 
Aviation Ltd.) said it was admitted that the 
Americans and then the Russians had discovered that 
more engineers were needed. He had always been at 
a loss to know what a production engineer actually 
was — whether he was a technician or someone who 
handled people and got things done. They were two 
quite different people. 

But there was an enormous gap in the lives of 
young men — National Service. He did not know 











much about how people were trained in the Army, 
Air Force and Navy, but the Services would become 
more and more dependent in the future on engineers. 
If people called up to do their National Service could 
continue their training, men would not return to 
industry lazier than when they were called up. He 
was apprehensive about saying this, but it was true in 
some Cases. 

It seemed a wonderful opportunity for the nation 
to call up people with similar qualifications or 
interests and allow them time for engineering 
training. This could surely be done. All the 
necessary material for teaching could be called upon, 
including calling up people from the Universities to 
teach them! If that were given serious thought, it 
would be possible to train far more engineers than the 
Americans or Russians, because it would be 
compulsory. 


Mr. W. A. Hird (Twickenham Technical Colle ge) 
said on behalf of teachers in technical colleges that 
they had to cover so wide a range of technological 
subjects that they could only go to a very shallow 
depth. Consequently, the depth of knowledge of a 
Higher National student in production engineering 
was apt to be limited. It might be in the interests of 
the Institution of Production Engineers to encourage 
students to obtain endorsements in_ technological 
subjects. 

As to the terminology, he would prefer that “ pro- 
duct engineer ”, or the term “ industrial engineering ”’, 
had also been used. 

Might he suggest that Professor Connolly’s students 
were primarily management students ? Perhaps he 
would give his version of the type of course they 
followed. He said at a meeting about six months ago 
that twenty-five students a year were trained in this 
country of whom he trained eighteen. It would be 
helpful to have the benefit of his experience as to how 
the number could be improved upon. 


Professor Connolly said he could not go fully 
into the syllabus in the limited time available. All 
he could say was that he did not agree that his 
students were management as opposed to technical 
students, They were all thoroughly trained first and 
foremost and primarily in the technique of production 
engineering. Nor did he agree that a fully professional 
production engineer could never be a technologist. 
He had to handle men and money, and it was in- 
herent in industrial engineering as understood in any 
part of the world that he could handle the tools — 
machines, men and money. That was as far as he was 
prepared to devote time now to the syllabus. 

As to proportion in the professional course, this was 
a matter for discussion, but he thought he had a 
formula. To limit a man to machines, if that was 
what was meant by not going deeply into techno- 
logical subjects, was not to turn out a proper 
production engineer but a production technician, 
which was an entirely different matter. 

The figures quoted were a little flattering, but they 
were approximately of the right order of magnitude 
as to the total number of students who had completed 


graduate training in production engineering in this 
country, as far as could be determined when the 
figures were given — that was to say, of the order of 
twenty-five or twenty-six. 

The Earl of Halsbury had done considerable 
research about a year ago for his Paper to the 
Institution,* and a trivial and quite unreasonably 
small number of people had recognised diplomas or 
degrees for full professional production engineering 
training. They compared unfavourably with the 
numbers in other countries, including countries like 
Switzerland. 


The Hon. Secretary (Mr. R. Hutcheson) read part 
of a letter from Mr. T. B. Worth (College of 
Technology, Birmingham). He reminded the meeting 
that Mr. Worth had been the Education Officer of the 
Institution for five years. During that time, he did a 
great deal of work in getting the Higher National 
Certificate in Production Engineering introduced into 
technical colleges. In those five years the number of 
colleges providing such courses was increased from 25 
to 52, 

Mr. Worth said that the answer to the question 
posed in the Paper was “‘ Yes — up toa point”. The 
Higher National Certificate in Production 
Engineering, as at present offered in the majority of 
colleges, was predicated primarily on producing men 
with a knowledge of tool engineering. This was very 
important, since machine tools and jigs and fixtures 
were right at the heart of the economy of any country 
enjoying a technological civilization. But it was not 
enough — it was only one stream and could, with 
endorsements, be termed two-thirds technological and 
one-third administrative, as far as content was con- 
cerned. 

There should be developed other courses in 
production engineering — not to replace the present 
one, which should be strengthened by including more 
analytical work —but which could be defined as 
one-third technological and two-thirds administrative. 
Work study — particularly method study — should no 
longer be considered as a “reserved subject”, and 
deferred until all technology was covered. It should 
come as method study at the fourth year stage and 
could be studied more deeply later. Also “ Statistics ” 
should be included. In America very great regard 
was given to this as a subject for all engineers, and 
they certainly made use of it. 

Perhaps the most serious criticism of the present 
Higher National Certificate in Production Engineering 
was the lack of a really good mathematical basis. But 
the Ministry of Education were pressing for the 
inclusion of more mathematics where time permits, 
so criticism should be tempered. Also, the Ministry’s 
“Notes for Guidance” had been revised and many 
courses could be developed from the list of subjects 
given as suitable. Each course could have a particular 
“ flavour ”’. 

Most important, the Institution should give a lead 


(concluded on page 51) 





* “Some Problems of Higher Technological Education ”’ 
(1954 Sir Albert Herbert Paper). 


45 








Production Engineering Research Association of Great Britain 


Quarterly Newsletter 


to 


Mobile Demonstration Unit 

PERA Mobile Unit has continued its country-wide 
tour of engineering firms by visiting firms in the 
Coventry, Birmingham, Bedford and Luton areas. 
These visits are usually received with great enthusiasm 
and are leading to an increased demand for details 
of PERA recommendations on production techniques 
and equipment. 


Automation Research 

At the second meeting of PERA Automation 
Committee, it was agreed that PERA would conduct 
an operational research in this country and abroad 
into many of the most important aspects of automa- 
tion. These include the development and application 





Flow turning recently demonstrated at PERA, 


the Institution 


OCTOBER, 1955 


of handling devices between operations, such as 
magazine, hopper and vibratory feed systems, strip 
and coil press-feeding devices, conveyors of all types 
including portable units, and equipment for loading, 
locating, clamping and unloading of components. 
Particular attention will be paid to the possibilities 
of automation for batch and small quantity pro- 
duction. 


New Building 

A new research building, which is being erected 
by the Association at a cost of approximately 
£200,000, will consist of workshops, laboratories, and 
offices with a total floor area of about 50,000 square 
feet. The foundations for the steelwork are complete 
and it is hoped that the erection of the steelwork will 
begin within the next few weeks. A special 1,000 
ton impact extrusion press recently received from the 
U.S.A. through Conditional Aid is being placed in 
position before the building is completed, and will 
be brought into operation as soon as temporary cover 
and power supplies are available. 


Research Programmes 


Research has been initiated to determine the most 
effective compositions and methods of applying 
cutting fluids used for turning alloy steel, and to 
investigate the effectiveness of phosphate coatings in 
reducing forces in the cold extrusion of low and 
medium carbon steels. A recently completed reaming 
investigation showed that, under the conditions used, 
the accuracy and surface finish of reamed holes were 
critically affected by cutting speed and feed. In- 
vestigations of small drill performance revealed that 
there was an optimum feed for small drills irrespective 
of speed within the range of conditions employed. 
The first stage of an investigation into the extrusion 
of low-carbon steel has provided useful data on 
extrusion forces, and has confirmed the need for 
exhaustive investigation of the problems of cold 
extrusion. Research to establish optimum operating 
conditions, and the most suitable tool design for 
extruding steel components in a wide range of sizes 
and shapes, will be greatly facilitated by the installa- 
tion of the 1,000 ton impact extrusion press in the 
new building. Draft reports on these three investiga- 
tions have been circulated to the members of the 
PERA Technical Committees controlling the in- 
vestigations and final reports will be issued shortly. 











A report on methods of machine tool slideway 
protection has been issued to all member firms. 


Monthly Bulletin 


In addition to the production engineering abstracts, 
editorial articles on machine tool slideways and 
developments in press feeding and unloading have 
appeared in PERA Bulletin. The article on machine 
tool slideways refers to the PERA report recently 
issued and comments on the factors affecting accuracy 


of slideways including consideration at the machine 
design stage, the reduction of corrosive effects of 
cutting fluids, damage caused by tools and workpiece, 
and the use of slideway covers and scrapers. The 
article on press feeding and unloading briefly surveys 
recent progress in the use of devices such as mechanical 
hands, vibrating and rotating hoppers, systems for 
linking successive pressing operations, the removal of 
scrap, etc. A short bibliography gives a list of recent 
articles on these subjects which have previously been 
referred to in PERA Bulletin. 








CORRESPONDENCE 


From: Professor J. F. Baker, O.B.E., M.A., Sc.D., 
Head of the Department of Engineering, 
University of Cambridge. 


There is a slight error in Appendix ‘‘C”’ of Pro- 
fessor Matthew’s interesting Paper, ““The Engineer 
and The Automatic Factory’, published in the 
September issue of the Journal. The full-time 
post-graduate course in Theory of Structures at 
Cambridge is not of two years’ duration, as he states, 
but of one session; that is, nine months, since it begins 
in October and ends in June. 


He also omitted to mention a similar course of the 
same duration which should be of even greater 
interest to production engineers, since its subject is 
Control Engineering. I have just welcomed into the 
Department nine young men from as many well- 
known companies and one Electrical Lieutenant from 
the Royal Navy, who have assembled in this Depart- 
ment for the inaugural session of this course. 


Like the course in Theory of Structures and 
Strength of Materials, which has been running in the 
Department for the past four years, the Control 
Engineering course is designed for engineers who 
have spent some time in industry, and it is gratifying 
to find that all the young men assembled today are 
being supported by their respective firms. Since 
some of the students are mechanical and electrical 
engineers, while control engineering is almost equally 
concerned with electrical, mechanical and chemical 
engineering, the first term will be spent in revising 
the relevant parts of electrical, mechanical and 
chemical engineering, while in the Lent and Easter 
terms the more advanced aspects of control engineer- 
ing will be studied, including the latest developments. 


Formal lectures will be provided, but a great deal 
of the available time will be given to laboratory 
experiments and to carefully directed reading. The 
students will be able to attend courses of lectures in 
allied fields of engineering and it is the object of the 
courses to be educative rather than narrowly 
specialised. 


From: Dr. T. U. Matthew, formerly Lucas Professor 
of Engineering Production, University of 
Birmingham. 


Professor Baker’s letter reinforces two of the 
points which I endeavoured to make in my Margate 
Paper. Firstly, there have been a number of specialist 
post graduate courses developed at British Universities 
during the past few years, many of which are of 
potential value in the advanced education of the 
production engineer. It is my view that more use 
should be made of these courses by industrial com- 
panies, than has been the case in the past. 


Secondly, the new courses in the field of Control 
Engineering should be of special interest to production 
engineers, as increasing attention is being given to 
new means for mechanising traditional production 
methods. 


Professor Baker’s letter underlines the importance, 
from the point of view of the Institution, of my 
suggestion that some more positive link should be 
developed between progressive engineering schools, 
such as Professor Baker’s School at Cambridge, and 


the Council of the Institution, to the mutual advantage 
of both, 
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FULBRIGHT TRAVEL GRANTS 


HE United States Educational Commission in 
the United Kingdom announces that, under the 
provisions of the Fulbright Programme, travel grants 
are available to citizens of the United Kingdom and 
Colonies to go to America for an academic or edu- 
cational purpose, such as study, research, lecturing or 
the pursuance of other educational activities. All 
awards are competitive. Recommendations are made 
by the Commission, but the final decisions rest with 
the Board of Foreign Scholarships in Washington. 
The basic criteria for the award of a travel grant 
are as follows: 


(a) Applicants must hold a good University degree 
or recognised professional qualification prior to 
actual departure. 

b) Applicants must possess a guarantee of financial 
support in dollars for the proposed period of 
the visit to America. 

(c) All applicants must be citizens of the United 
Kingdom or Colonies, and are expected to 
return to reside permanently in their home 
countries. 


d 


~~ 


Graduate students must show proof of admission 
to an American institution of higher learning 
for a minimum period of nine months. In the 
case of medical internships, the hospital to 
which the applicant hopes to go must be 
acceptable to his registration body in the 
United Kingdom. 

Candidates should be free of National Service 
obligations. 

Grants to graduate students are valid for a 
period up to three years, but they are subject 
to annual renewal over this period. 

\é@ 


Professors, lecturers and senior research workers must 
intend to spend at least three months in the 
United States (exclusive of trans-Atlantic 
travel time), of which about two-thirds should 
be spent at one university or recognised 
research institution. Proof of affiliation is 
necessary. Grants cannot be given for attend- 
ance at conferences alone. Grants may be 
extended up to a period of two years, subject to 
satisfactory appointments and continued dollar 
support. 

(f) Four years must elapse from the date of return 
from America before a second application may 
be made for a Fulbright travel grant. 


Travel grants are available for travel to America 
between Ist June, 1956, and Ist April, 1957, for those 
in the lecturer/research scholar category. Those in 
the graduate student category are expected to go to 
America for the academic year beginning in Septem- 
ber. All travel grants cover the cost of direct travel 
between a candidate’s home in the United Kingdom 
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or Colonies and the destination in America. The 
Commission arranges bookings for successful appli- 
cants. 

No allowances are made for dependents’ travel. 

Since the funds of the Commission are in non- 
convertible sterling, it is not possible to offer grants 
for maintenance, tuition or incidental expenses 
within the United States. 

Those receiving Fulbright travel grants are expected 
to travel on a special type of visa. If another type of 
visa has already been obtained, transfer is necessary 
at the time the award is confirmed. 

There are two closing dates in this competition 
dependent on the departure date. They are:— 


15th March, 1956, for those travelling between 
Ist June and 3lst July, 1956. 


Ist June, 1956, for those travelling after Ist 
August, 1956. 


Those wishing to apply are first asked to fill up a 
record card. This in itself does not constitute an applica- 
tion. Full-length application forms are sent only when 
candidates indicate that their plans are complete, 
which must be before the appropriate closing date. 
Full-length applications should be submitted via the 
Head of the candidate’s College or University or 
employing body. 


NOTE.—No applications can be considered after 
the closing dates. 
Applications should be made to: United States 
Educational Commission in the United Kingdom, 
55, Upper Brook Street, London, W.1. 


Whitworth Foundation Awards, 1956 

It was announced by the Ministry of Education, 
earlier in the year, that in order to meet changed 
conditions it had been decided to increase the number 
of Whitworth Senior Scholarships from two to three, 
to raise their value from £325 to £500 per annum, 
and to discontinue the award of ordinary Whit- 
worth Scholarships. 

Applications are now invited from candidates for 
the first awards to be offered under the new arrange- 
ments. These awards, now known as Whitworth 
Fellowships, will be available to holders of engineering 
degrees, or of Higher National Diplomas or Certifi- 
cates in engineering with at least two distinctions, 
who have had at least two years’ practical engineering 
experience. The Fellowships may be used to follow, 
over a period of at least two years, a course of further 
training in industry or post-graduate study or research 
in an approved establishment. 

Full particulars of the conditions of entry and 
method of application may be obtained from the 
Ministry of Education (F.E.I1(D)), Curzon Street, 
London, W.1. 














Fourth Halifax Graduate 
Weekend School 


The Halifax Section held their Fourth Annual 
Weekend School at the Craiglands Hotel, Ilkley, on 
10th and 11th September, 1955. Due to difficulties 
in arranging central meeting places for the organisers, 
last year’s experiment of holding the school on a 
Yorkshire Regional Graduate basis was not repeated, 
although members from the Region attended. 

The theme of the School was ‘*Management”’ 
this subject was considered to be a logical develop- 
ment of the themes in previous years. 

The School was once again honoured by the 
presence of the Chairman of Council, Mr. G. R. 
Pryor, and on Sunday, the Chairman of the Halifax 
Section, Mr. F. J. Everest, was present. Under the 
chairmanship of the Halifax Graduate Section 
Chairman, Mr. M. W. Alderdice, the School, which 
had an attendance of 28, commenced at 2 p.m. on 
the Saturday afternoon. 

The Legal Aspects of Management 

The first lecturer was Mr. J. Taylor, past Halifax 
Graduate Section Chairman, who spoke on _ the 
broader aspects of law in relation to the engineering 
manager. This address was couched in terms suitable 
for the engineering layman, and several little-known 
points of law were brought to light, both in the 
lecture and in the subsequent lively discussion. 


Administrative Control as a 
Function 


The second speaker was Mr. D. Fraser, Senior 
Consulting Engineer in charge of the training school 
of Urwick, Orr & Partners. He stressed the need 
for administrative control, and then proceeded to 
analyse the essential factors in building up control, 
briefly sketching in methods of application. 

Mr. Fraser covered the ground completely and 
competently, and answered the subsequent questions 
so thoroughly that all members must have obtained 
a very clear mental picture of this subject. 

The Manager and Human Relations 

This was an informal discussion on Saturday 
evening, and was opened by Mr. G. R. Pryor. He 
stressed the need for accuracy of statement in debate, 
both verbal and written, and illustrated these points 
by showing how statements taken out of their context 
can be very misleading. He also demonstrated the 
stratagems which are sometimes used for dishonest 
purposes, either consciously or unconsciously, in 
debate. The discussion which followed made the 
audience conscious of how they could all sometimes 
fall victims to these practices. 

Test Case 

A test case was used on Sunday morning as a 
means of putting into practice the points raised 
during the lectures. The School split up into small 
groups to tackle the problem and the results showed 
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how members had benefited from the lectures. 
After lunch, Mr. J. Hepper very ably and lucidly 
summed up the work of the School. 


Education Discussion Group— 
London Centre 


On 12th November, 1955, the Group celebrated 
its third year of existence by a combined visit to 
Kingston Technical College and to the National 
Physical Laboratory. 

Of particular interest at Kingston was the very 
comprehensive welding shop which is equipped with 
large commercial machines for resistance, spot and 
projection welding. This college also has under 
construction a supersonic wind tunnel for the Aero- 
dynamics Laboratory. 

At the N.P.L. in the afternoon, the Group visited 
the Metrology Division and were permitted to inspect 
the large comparator used for checking the Imperial 
Standard Yard. 

A visit was also made to the new workshop of the 
Aerodynamics Division to see the new equipment 
installed for producing models of airfoil sections to be 
used in the supersonic wind tunnel. High speed 
flight developments have necessitated higher standards 
of accuracy in the construction of aerodynamic 
models which must now be made of metal to a 
tolerance of 0.005”. The models are machined by 
means of a series of flat-faced cuts which are planes 
tangential to the curves making up the airfoil section. 
Machining is by milling on a high-class jig boring 
machine and the final finish is imparted by surfacing 
grinding which also produces a series of tangential 
flat faces on the model. 

By a comprehensive layout of angles of tilt and the 
positions of the flats, the airfoil section produced is 
remarkably smooth and is well within the fine 
tolerances demanded. 

Construction of these models is complicated further 
by the need to fit bushes at many positions in the 
airfoil surface. These bushes are connected to tubes 
which are embedded in the section; alternatively, the 
tubes are in the form of drilled galleries. The con- 
nections to the bush bores terminate outside the 
model in a multiplicity of small diameter capillary 
tubes. 

The Education Discussion Group is a body formed to 
study teaching methods and has, so far, approximately 
fifty members on its mailing list. These members are 
all teachers engaged in full-time positions in technical 
colleges in the Southern Region. The Group wel- 
comes any Institution members who are interested in 
technical education and its techniques and they are 
particularly interested in hearing the views of 
education and personnel officers who are employed 
in industry. Further details can be obtained from the 
Group Hon. Secretary, Mr. C. T. Bower, 25 Emlyn 
Road, London, W.12, or from the Chairman, Mr. 
W. Hird, 35 Kneller Road, Twickenham, Middx. 
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notes 


news of members 





Mr. G. R. Blakely, Member, has been appointed 
to the Board of Directors as Works Director of G. A. 
Harvey & Co. (London) Ltd. Mr. Blakely is a 
member of Council and is Vice-Chairman of the 
London Section. 


Mr. E. Perey Edwards, Member, who resigned 
from The Lapointe Machine Tool Co. Ltd., has 
joined The Catmur Machine Tool Corporation 
Limited, as Birmingham area Sales Manager. He 
will continue to operate from White House, 111 New 
Street, Birmingham, 2. 


Mr. William Fenton, Member, has resigned his 
position with The Yorkshire Copper Works Limited, 
Leeds, and has taken up an appointment with The 


Northern Aluminium Co, Ltd., Rogerstone, Newport, 
Mon. 


Mr. J. C. Routledge, Member, Works Director 
of Gimson & Co. (Leicester) Ltd., has been appointed 
Director and General Manager of that Company. 


Mr. G. F. Shrigley, Member, has relinquished his 
present position as General Manager of British Light 
Steel Pressings Limited, a Rootes Group Company, 
and has been appointed Director of Production, 
Rootes Group Manufacturing Division, and _ will 
serve on the Boards of the various Manufacturing 
Companies. 


Mr. R. J. Broomer, Associate Member, who re- 
linquished his position with Joseph Sankey & Sons 
Limited, Bilston, is now Development Engineer with 


F. J. Ballard & Co. Ltd., Tipton, Staffs. 


Mr. H. Burrows, Associate Member, has left the 
Stafford County Technical College, and is now 
Principal of the Verdin Technical College and School 
of Art, Northwich, Cheshire. 


Mr. B. W. Charman, Associate Member, has re- 
linquished his position as Senior Design Engineer 
with Cyril Adams (Special Project) Ltd., and has 
taken up an appointment as Chief Draughtsman with 
Messrs, Rhoden Partners Limited, London. 


Mr. W. R. Childs, Associate Member, has re- 
linquished his position with the Parkinson & Cowan 
Group, and has taken up an appointment with 
Raleigh Industries Limited, Lenton, Nottingham. 
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Mr. D. Gemmell, Associate Member, has recently 
been appointed General Manager of Metind Limited, 


Birkenhead. 


Mr. H. P. Halfter, Associate Member, the 
Corresponding Member for West Africa, has been 
promoted within Her Majesty's Colonial Service to 
the rank of Senior Electrical Engineer and holds the 
appointment of Head of Electrical Engineering 
Department, Gold Coast Railways and Harbour 
Authority. 


Mr. D. A. Jones, Associate Member, has re- 
linquished his appointment with Messrs. Lucas Rotax 
Limited, Canada, and has taken up an appointment 
as Consultant by Messrs. Fairchild Camera and 
Instrument Corporation, Long Island, New York. 


Major M. H. Moore, Associate Member, has 
relinquished his appointment with the Israeli 
Government earlier this year and has taken up an 
appointment with Messrs. Marks and Spencer, Build- 
ing and Equipment Department. 


Mr. R. Rees, Associate Member, has taken up an 
appointment as Production Controller at the British 
Light Steel Pressings Limited, Acton, W.3. 


Mr. T. A. C. Williams, Associate Member, has 
now been transferred to the East Midlands Division, 
Area 7, of the National Coal Board. 


Mr. F. G. Ethelston, Graduate, has taken up an 
appointment as a Metallurgist in the Metallurgy 
Laboratory, responsible for Heat Treatment Develop- 
ment, at C.A.V. Limited, Acton. 


Mr. J. Searf, Graduate, has now left R. W. 
Crabtrees & Sons Limited, Leeds, and has taken up 
a position as Design Engineer with The Forgrove 


Machinery Co. Ltd., Leeds. 


Mr. Eric L. J. Thorne, Graduate, has been 
promoted to the new post of Assistant Works Manager 
from that of Production & Planning Engineer at his 
present Company, Cylinder Components Limited, 
Kings Norton, Birmingham. 








NOTICE OF ANNUAL GENERAL MEETING 


OTICE is hereby given that the Annual General 

Meeting of the Institution will be held at 10, Ches- 
terfield Street, London, W.1, on Thursday, 26th 
January, 1956, at 2 p.m. 


Agenda 
1. Notice convening Meeting. 


2. Minutes of the Annual General Meeting held on 
27th January, 1955. 


3. Report on Election of Members to Council.' 
Annual Report of Council.* 


Presentation of Statement on Income and 
Expenditure, Balance Sheet and Auditors’ Report.* 





6. Election of Auditors, 1955/56. 


Election of Solicitors, 1955/56. 


8. Votes of thanks. 


By Order of the Council. 
W. F. S. Wooprorp, Secretary. 


1. See page 53. 
2. See page 53. 
3. See page 63. 








** Does The Higher National Certificate in Production Engineering Meet the Need of Industry?” 


DISCUSSION—continued from page 45. 


in this matter, and Mr. Worth did not think they were 
doing so at the moment. So long as the Associate 
Membership examination remained static, so would 
development be retarded. He was very proud of the 
fact that during his term with the Institution, major 
developments took place in the educational field, but 
it was never his intention to let things stay there. The 
Associate Membership Examination was now five 
years old and should be critically assessed and revised 
to reflect current thought. The production engineer 
of the future would have to be a scientist as well as 
an engineer. 

Mr. Worth hoped, he said, to make his report on 
“ American Methods of Education and Training in 


Industrial Engineering and Management” before 
long, and that might reflect some of the ways to 
which this country might modify courses. (Note: This 
Report is now available.) 

Finally, he said, the Institution of Production 
Engineers must do everything possible to achieve full 
professional regard and to dispel the idea that 
production engineering was only concerned with 
machine tools, metrology and jig and tool design. 
They must not misunderstand him. These were most 
important and should continue in full strength. But 
they were not the only subjects. Also, no examination 
scheme would produce good men unless it attracted 
good material. 
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MINUTES OF THE ANNUAL GENERAL MEETING 


held on Thursday, 27th January, 1955 


HE thirty-third Annual General Meeting of the 

Institution was held on Thursday, 27th January, 
1955, at 4 p.m. at the Headquarters of the Institution, 
10, Chesterfield Street, London, W.1. The President, 
Sir Walter Puckey, was in the Chair. 


Notice convening Meeting 
The Secretary (Mr. W. F. S. Woodford) read the 
notice convening the Meeting. 


Minutes 

The Minutes of the previous Annual General 
Meeting held on 28th January, 1954, were taken as 
read, and confirmed on the motion of Mr. E. F. 
Gilberthorpe, seconded by Mr. B. E. Stokes. 


Elections of Members to Council 

The Report on the Election of Members to Council 
was received on the motion of Mr. R. E. Mills, 
seconded by Mr. B. G. L. Jackman. 


Annual Report of Council 

Mr. G. R. Pryor, in moving the adoption of the 
Annual Report, said that the New Building Fund 
now totalled £16,500 and a few small donations were 
still being received. The Finance and General 
Purposes Committee’s forecast at the end of the 
current financial year was that the overdraft would 
not exceed £4,000. The present year’s finances were 
going very much according to budget, and there was 
the suggestion according to the trend that at the end 
of the year the surplus was likely to be somewhere 
around £2,000. 

Membership continued to increase. Most members 
of Council were present when a further 78 members 
were elected that day, and it would seem that the 
tightening up of the membership regulations had not 
in any way stopped the flow of new members to the 
Institution. 

Mr. Gould seconded the motion, and the Annual 
Report was adopted. 


Statement of Income and Expenditure, Balance Sheet and 
Auditors’ Report 
On the motion of Mr. G. R. Pryor, seconded by 
Mr. F. T. Nurrish, M.B.E., the accounts were 
adopted unanimously. 


Election of Auditors, 1954/55 

On the motion of Mr. S. A. J. Parsons, seconded by 
Mr. A. G. Clark, Messrs. Gibson, Appleby & Co., 
Chartered Accountants, were re-elected Auditors to 
the Institution and thanked for their services. 


Election of Solicitors, 1954 55 
On the motion of Mr. E. P. Edwards, seconded by 
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Mr. M. C. Timbury, Messrs. Syrett & Sons, were re- 
elected Solicitors to the Institution and thanked for 
their services. 
Votes of Thanks 

The President said that he had the extremely 
comprehensive task of thanking Mr. Harold Burke, 
Mr. G. R. Pryor, and all Officers of the Institution, 
but he did not feel that a “‘composite’’ vote of thanks 
was sufficiently personal. 

The Annual General Meeting dealt with the 
previous year during which period Mr. Burke was 
the Chairman of Council. There was a great deal 
for which Council had to thank Mr. Burke. He had 
put in a great deal of time which was of the utmost 
value to the Institution, and as Chairman of Council, 
he had conducted the business of the Council in an 
admirable manner. 

It was also right to speak in a similar vein of the 
present Chairman of Council, Mr. Pryor. One of the 
most important things which any man could do in 
life was to make sure that his successor followed in the 


tradition which he had tried to set up. In the case of 


Mr. Pryor, it would be unanimously agreed that he 
was a Chairman who was not only following, but 
standing well ahead of, the tradition. He had a 
delightful personality, he was a man who got things 
done in a very efficient manner and a man who, 
although he had not always been in the best of health, 
had given the Institution of his best. The Council 
were proud to have him as Chairman. 

It was with great pleasure that the President 
moved a hearty vote of thanks to Mr. Burke, Mr. 
Pryor and to all Officers of the Institution. The vote 
of thanks was carried by acclamation. 

Mr. G. R. Pryor, in response, thanked the President 
for his kind remarks and members of Council for the 
way in which they had received them. Unfortunately 
Mr. Burke was indisposed otherwise he would have 
been present. He would be delighted when the 
sentiments which had been expressed were conveyed 
to him. 

The Institution was indeed very fortunate in its 
permanent staff. Although their services were 


acknowledged he desired to take the opportunity of 


assuring them how much the Council and members 
appreciated that which they were doing, and the 
interest as well as the loyalty they showed. He had 
much pleasure in proposing a hearty vote of thanks to 


the permanent staff of the Institution. The vote of 


thanks was carried by acclamation. 

On the motion of Mr. H. G. Gregory, a hearty vote 
of thanks to the President was carried by acclamation, 
and the General Meeting then terminated. 
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REPORT ON ELECTION OF MEMBERS TO COUNCIL, 





1955/1956 


In accordance with Article of Association No. 34, 
there were nine vacancies for elected Members of 
Council (eight Members and one Associate Member). 

For the nine vacancies for elected Members four- 
teen nominations were received. As a result of the 
ballot conducted in accordance with Article of 
Association No. 43, the following were elected : 


Mr. G. R. Blakely Mr. E. Levesley 

Mr. A. E. Clifford Mr. R. N. Marland 
Mr. H. H. Dawson Mr. H. Spencer Sinith 
Mr. A. F. Kelley Mr. H. Tomlinson 


For the vacancy for the elected Associate Member 
four nominations were received. The Associate 
Member elected was: 


Mr. Robt. Hutcheson 


Ballot papers were circulated to 5,250 Corporate 
Members in the United Kingdom. Details of the 


voting issued by the Institution’s Auditors are as 
follows : 


Eligible Papers included in the ballot 1435 
Rejected : 
Incorrect number of votes recorded 31 
Papers not marked in ink 15 
Spoiled Papers 3 
Envelopes unsealed 7 
Received from G.P.O. as unable to 
deliver l 


Papers signed 
Insufficiently stamped—returned to 
G.P.O. 


Papers received after closing date — 2: 


~ 


~ 


87 


r 
r 


1520 


The full list of Council Members for the current 
year is published in the Journal. 








REPORT OF COUNCIL 
Ist July, 1954 to 30th June, 1955 


TO BE PRESENTED BY THE CHAIRMAN OF COUNCIL AT THE ANNUAL GENERAL MEETING 
Thursday, 26th JANUARY, 1956. 


i pes Annual General Meeting is the one occasion 
each year when we can draw together the threads 
of all our activities and survey the past year’s work as 
a whole. Since all our many activities are reported 
upon in the Institution’s Journal, when they occur, 
the Annual Report can obviously contain little that 
might be termed “news”, but is chiefly an historic 
document. Nevertheless, I believe it is very valuable 
to make this annual review; to draw inspiration from 
our successes and guidance from our failures, in 
shaping our future policy. 





Notable Changes 

On the whole, the year under review was one of 
consolidation. As I mentioned to you in my Report 
last year, the year 1953/54 saw several notable 
changes in the Institution’s way of life. Your Coun- 
cil, through its Committees and the executive staff, 
have concentrated mainly on gathering our resources 
for a fresh move forward — not, I would hasten to 


add, that we stood still during last year. On the 
contrary, several new projects were instituted and we 
finished the year in a blaze of glory at our Conference 
at Margate, to which I shall refer again later. 
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Your Council held four meetings during the year 
and I should like to take this opportunity of express- 
ing my appreciation of the support and encourage- 
ment which all members of my Council have extended 
to me, as their Chairman for the year. I am happy 
to report that our Council meetings are conducted 
in an atmosphere of friendly co-operation. A number 
of important points of Institution policy have been 
discussed at our meetings but although divergent 
views have been expressed, we have succeeded either 
in reaching agreement or in carrying our differences 
forward to subsequent meetings without acrimony. 

The bulk of the Council’s business time is devoted 
to considering and adjudicating upon the reports and 
recommendations of the various Standing Committees 
and Regions. In addition to this work, several 
important debates on Institution policy have been 
held but as all these have been reported in the Jour- 
nal, I will simply refer here very briefly to the main 
points. 


The Production Exhibition and Conference 


The Council held a review of the Production 
Exhibition and Conference which we held at Olympia 
from 7th- 14th July, 1954. It was the unanimous 
view that the Council had been well advised to 
sponsor this Exhibition and to promote the Confer- 
ence and it was agreed that the Institution should 
accept the invitation of the Exhibition Organisers to 
sponsor the next Production Exhibition which is 
being held at Olympia in May, 1956. Again, con- 
currently with this Exhibition, your Council will pro- 
mote a Conference and a Special Committee under 
the Chairmanship of Sir Walter Puckey has been set 
up to deal with this. The fact that Sir Walter, our 
unmediate Past-President, has undertaken this task 
is sufficient guarantee that it will be pressed to a 
successful conclusion. 

The British Productivity Council published a re- 
port of a team which visited the United States of 
America to study Industrial Engineering. This report 
was discussed at length by your Council. 

The membership policy, as exemplified in the 
phrase “Broadening the Base” has promoted con- 
siderable discussion. As the implementation of this 
policy falls very much upon the Education and 
Membership Committees, I will refer to this again 
when I report on their activities later. 

Another notable debate was on the subject of “ The 
Place of the Graduate Member in the Institution ” 
A number of Graduate members from various parts 
of the country were invited to the Council meeting 
for this occasion and they made some most valuable 
contributions to the discussions. 


Official Opening of 10, Chesterfield Street, 
London, W.1. 

The Institution’s new Headquarters, which we 
occupied in May, 1954, were declared officially open 
on Thursday, 28th October, 1954. The delay between 
taking possession and officially declaring the building 
open was occasioned by the fact that the building 
contractors had not completed their work when we 
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moved in. To ensure that every section of the Insti- 
tution’s membership was represented, the President 
invited the officers of all the Institution’s local Sec- 
tions to attend the ceremony, The Presidents of our 
kindred Institutions were also invited, together with 
the heads of many of the companies who had made 
generous donations to the New Building Fund. Many 
of the Institution’s friends from among the technical 
and national press were also present. The Official 
Opening was conducted by Sir Walter Puckey, who 
presided in the absence of Sir Leonard Lord, who 
was unable to attend. 


Margate Conference 

Far and away the most important event of the 
year was the Conference on “The Automatic Fac- 
tory — What Does it Mean?” which was held at 
Margate in June, 1955. A total of 1,103 members 
and visitors attended this Conference, many from 
distant parts of the World. When the applications 
to attend came pouring in to our Head Office, the 
Organising Committee had some anxious moments as 
to whether or not such a large number would be 
manageable or whether a Conference of this size 
would not fail in its impact because of division of 
interest. However, thanks to first-class team work 
under the leadership of Sir Walter Puckey, the Presi- 
dent, Gen. K. C. Appleyard, Chairman of the Con- 
ference Organising Committee and Mr. A. F. Kelley, 
Chairman of the Programme Committee, which 
achieved the closest possible collaboration between the 
members of the Committee, the Chairmen of the 
Sessions, the speakers and the executive staff, the 
Conference ran smoothly throughout. We maintained 
our time-table to the minute and, what was really 
most gratifying, from the very start — in spite of the 
enormous number of people attending — a congenial 
conference atmosphere was engendered. 

The subject of the Conference made a tremendous 
public impact, Automation has been growing in im- 
portance and news value slowly over the past 15 
years. The Institution’s Conference succeeded in 
focussing attention and the publicity which followed 
has ensured that a consciousness of the tremendous 
problems involved has become evident in all walks of 
life. Since then a Special Committee has been set 
up under the Chairmanship of Mr. A. F. Kelley, to 
study further the implications of automation. 

The Conference had been publicised as a hard- 
working one, with the minimum amount of time to be 
devoted to sociable activities. It was notable that 
every session, both Plenary and Discussion Groups, 
was packed to capacity and considerable discipline 
had to be exercised by the Chairmen to ensure that the 
discussions were brought to an end at the proper time. 

This Conference has set the Institution a very high 
standard of attainment for the future and I extend 
our congratulations and thanks to all those members 
who contributed to its success. 





Visitors 
There has been a steady stream of visitors to our 
Headquarters during the year. Members of the 
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Institution are always assured of a welcome at Head- 
quarters and I hope that many will take the oppor- 
tunity, when visiting London, to call at Number 10, 
Chesterfield Street. 

It is gratifying that we have had so many visitors 
from outside the United Kingdom. Almost every 
section of the membership outside the United King- 
dom has been represented by our visitors during the 
year and the personal contacts and friendships which 
are thus made are invaluable in maintaining relations 
with our members all over the world. 


Standing Committees 

The Institution’s constitution is so arranged that 
the greater part of its routine business is under the 
control of the various Standing Committees, who are 
elected by the Council, The Standing Committees 
are kept very busy and the following is a report of 
their principal activities : 


Finance and General Purposes Committee 

Your Finance and General Purposes Committee 
might perhaps be regarded as the _ Institution’s 
“Cabinet”, as the Chairman of each of the other 
Standing Committees is automatically a member of it. 
In this way, your Finance and General Purposes Com- 
mittee is able to keep a constant watch over the whole 
field of our activities and to see that the Council is 
kept fully informed of our financial trends. 

The accounts for the year have been circulated with 
this report and I am sure that you have all studied 
them very closely. Their adoption is a subject of 
another item on the agenda and you will be able then 
to ask questions or to make comments, but I should 
like to take this opportunity of referring to some 
points of interest. 

The full accounts have been published on pages 
63 to 65 in the January 1956 Journal and you have 
all had an opportunity of studying them. May i 
direct your attention for a few moments to the In- 
come and Expenditure account? 

Dealing with expenditure first, you will notice that 
our establishment charges are rather higher than in 
the previous year. This is because in 1954 we were 
the greater part of the time in our old premises in 
Portman Square. The current figures show the in- 
creased costs of 10, Chesterfield Street for the whole 
year. 

Administration expenses show an increase of just 
over £200 for the year. You will notice that the 
biggest increase is under the heading of Printing and 
Stationery. This was occasioned by the fact that we 
printed an extra large amount of our various member- 
ship and other leaflets for distribution at the Margate 
Conference. 

Salaries show a substantial increase over the pre- 
vious year. Here again, in 1954 we were without 
the services of an Education Officer for the greater 
part of the year. The current accounts include the 
Education Officer’s salary for the full year and, in 
addition, adjustments to other salaries have been 
made, to which I will refer later. 

Section expenses show a modest decline from the 
previous year, in spite of the increased Section 








activity. Under the new Regional system funds are 
allocated to each region and the Regions, in turn, 
allocate their funds to the local Sections. We are 
indeed grateful to all our Regional and Section 
officers for their co-operation in keeping close control 
over our expenditure. 

Expenditure on the Journal shows a substantial in- 
crease over last year which is due to its greatly 
increased size. On the income side, you will see that 
the Journal receipts have correspondingly increased. 
We are making some adjustments in our method of 
costing the Journal during the current year. 

Other items of our expenditure are self-explanatory, 
except that you may wonder why we have set up a 
Renovations Reserve as the last item. Your Council 
have decided to set aside a small sum each year to 
build up a reserve for the maintenance of our Head- 
quarters at 10, Chesterfield Street. Major redecora- 
tions are very expensive nowadays and I think you 
will agree it is wiser to spread the cost over a number 
of years. 

Turning now to our income, you will notice that 
revenue from Renewals and Arrears of Subscriptions 
shows an increase over last year, which reflects our 
increasing membership. Transfer fees and New 
Subscriptions together were rather lower than last 
year, which reflects a slowing down of our member- 
ship intake as a result of more stringent regulations. 
Overseas Subscriptions are about the same. 

We have included a new item in the accounts this 
year, namely, Registration and Miscellaneous Fees. 
This arises from our new regulations and, in many 
cases, takes the place of the foriner entrance fee. 
Thus, in comparing with last year, the two figures 
“Entrance Fees” and “ Registration and Miscel- 
laneous Fees” should be added together and they 
show an increase, 

Recovery of Income Tax on Covenanted Subscrip- 
tions requires an explanation. ‘The amount of 
£5,546 shown in the accounts represents the recovery 
of two years’ income tax on our covenanted subscrip- 
tions. At the end of last year, an amount was out- 
standing but as there was no guarantee that the 
Inland Revenue would make this refund, it was not 
taken into account. This amount was, in fact, re- 
covered during the year and we have also since 
received a refund from the Inland Revenue in respect 
of the Income Tax on covenanted subscriptions for 
the year covered by the accounts. We are therefore 
able to include both these sums this year. 

Conferences and similar functions have now become 
a regular part of the Institution’s life. In the past 
we have generally subsidised these activities but your 
Council now feels that the time has come when activi- 
ties of this kind should pay their way wherever 
possible. The small surplus shown in the accounts was 
earned mainly by the Margate Conference. 

The net effect of our working for the year is to 
show an excess of income over expenditure of £7,072. 
This figure is naturally inflated by the sum of £5,546 
received from the Inland Revenue. Thus, our effective 
excess of income over expenditure is of the order 
of £1,500. There is a separate analysis of this figure 
which I will deal with later on. 








We have made one or two adjustments in the 
Appropriation Account to which I should like to draw 
your attention. When the Institution ran a pilot 
scheme to test whether or not the Inland Revenue 
would accept the payment of membership subscrip- 
tions under deeds of covenant, the revenue returned 
for that year was £464. Your Council agreed in 
principle at that time that any refunds from the 
Inland Revenue under this heading should not be re- 
garded as ordinary revenue, but should be transferred 
to a special reserve fund and accordingly this sum 
of £464 was reserved. Your Council feel, however, 
that there is not much point in setting up a reserve 
unless there is a corresponding fund of investments 
against that reserve. As we are still working to a 
modest overdraft, your Council felt that there was 
no point in investing a sum of money in gilt-edged 
securities, which could only be done by increasing the 
amount of our overdraft on which the charges would 
be higher than the interest earned on the investment. 
Accordingly, your Council’s policy for the time being 
is to add these refunds of income tax to the accrued 
balance of the income and expenditure account until 
such time as we have a surplus of cash which we can 
use to make appropriate investments. 

Turning to our assets, the right-hand side: the 
freehold premises still stand at their purchase price. 
I am very glad to report that during the year many 
small contributions to the Building Fund were re- 
ceived. These have been applied to the alterations to 
and equipment of our new Headquarters, which have 
cost us altogether in the region of £15,000. The 
splendid response to our Building Fund Appeal has 
enabled us to reduce this figure in the balance sheet 
to the very modest sum of £2,813. Thus, the total 
cost of our freehold premises and alterations amount 
to the balance sheet figure of £37,813. This is a solid 
security which, in the present day market, I am sure 
is worth considerably more than this sum. Our 
furniture, fittings and plant are written off on a ten- 
year basis. They stand at the moment at £4,853. 
Again, this is a very modest valuation of this asset. 

Our Fund investments remain unchanged and they 
are listed on the annexed statement. 

Our current assets show an increase over last year 
and they slightly exceed our current liabilities on the 
other side, Although we have an excess of current 
assets over current liabilities, it is only the sum of 
£1,758. Our accumulated funds of £26,100 remain 
the same. The special reserve has now been added to 
the total of the income and expenditure account, as 
I have just mentioned. 

Renovations Reserve is a new item upon which I 
commented when dealing with the income and 
expenditure account. The amount which was re- 
served last year for the Hazleton Memorial Library 
Catalogue has been absorbed and the Catalogue is now 
available to members. 

If you will now turn to the analysis which is pub- 
lished separately at the end of these accounts, I think 
you will be able to get a clearer picture of our 
position. We have summarised the income and 
expenditure account so that you can see the relative 
positions between the United Kingdom and _ the 
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Sections outside the United Kingdom. You will re 
call I mentioned that if we made an adjustment for 
the sum of £5,546 recovery of income tax on sub- 
scriptions, our net excess of income over expenditure 
over the year amounts to £1,526. The summary 
shows that Sections outside the United Kingdom 
altogether aggregated an excess of income over 
expenditure of £2,184. Thus, there was a net deficit 
on the home account for the year amounting to £658. 
It is understandable that a deficit should be shown 
in this way since no allocation is made to overseas 
Sections on account of the central administration of 
the Institution, including the cost of producing and 
distributing the Journal. 

Nevertheless, your Council is not happy at the 
moment about the United Kingdom income and 
expenditure. Inflation is rapidly catching up with the 
Institution, Our costs are rising rapidly every year 
although the rate of our membership subscription 
remains unchanged. Your Finance and General Pur- 
poses Committee is giving the most serious and care- 
ful attention to this problem. 

The analysis of assets and liabilities shows how the 
various items under this heading are distributed 
between the United Kingdom and Sections outside 
the United Kingdom. Whilst in our published balance 
sheet we show a net overdraft of £615, you will see 
from this analysis an overdraft on the United King- 
dom account for £4,804. This overdraft only exists 
for a few weeks of the year and generally builds up 
during June, just before our annual subscriptions fall 
due. Against this, we have cash investments outside 
the United Kingdom amounting to more than £4,000. 
Sections outside the United Kingdom do help us at 
Headquarters by remitting cash to us direct during 
the year. The amount of cash which was actually 
received from our Sections outside the United King- 
dom during the year under review amounted to 


£2,350. 


Closer Co-operation with PERA 


It has been a source of great personal disappoint- 
ment to me that since our Research Department was 
closed down and the Production Engineering Re- 
search Association established as a separate entity, 
the two bodies have seemed to drift apart. It is mani- 
festly desirable that there should be a very close 
relationship between PERA and the Institution of 
Production Engineers and, with this in mind, it was 
arranged for a group of representatives of both 
organisations to meet during the year and to discuss 
ways and means of establishing closer relations be- 
tween us. I ain happy to say that their proposals have 
been adopted by both Councils and will be given 
effect during the current year. I will not comment 
on the details since this will be a subject for next 
year’s report, except to say that I am quite sure that 
the proposals will bring benefits to both bodies. 


Head Office Administration 


The Head Office of the Institution has become 
increasingly handicapped in efficiently discharging its 
functions by the extreme difficulty of maintaining a 








full staff. As a result of the growth of industry in 
outer London, many people who might have earned 
their living in Central London now find that they can 
secure well paid appointments near at home and thus 
save themselves the. tedium of long journeys on 
crowded transport night and morning. As a con- 
sequence a good deal of temporary staff has to be 
engaged, which is not only inefficient, but is very 
expensive. 

To advise us on this serious problem your Finance 
and General Purposes Committee called in the 
services of a leading firm of Consultants. It happened 
that the Directors of this particular firm are members 
of this Institution and they very kindly agreed to 
carry out a survey for us at a purely nominal fee, 
and we are very grateful to them. As a result of this 
survey we have been able to eliminate some of the 
tedious lower grade clerical operations in the office 
and some of the other operations have been re- 
arranged, not only with a view to improving the 
general efficiency of our Headquarters, but to 
strengthen the Secretary’s hand in building up his 
staff 

The problems are not yet all solved. There seems 
to be a great restlessness in the Capital and junior 
staff appear to jump in and out of jobs as a matter of 
whim. It is thus extremely difficult to maintain con- 
tinuity and a good deal of hard work is put in to 
training young members of the staff who then leave 
and get appointments elsewhere. 

Part, but not all of the difficulty, is the level of 
wages which our staff is paid at Headquarters. Clearly 
we have an obligation to see that our staff is 
adequately remunerated but, on the other hand, the 
Institution's financial background is such that we are 
unable to be fully competitive with the high level of 
salaries which is set by many of the very large com- 
mercial undertakings in the West End of London. 
Your Committee accept in principle that some adjust- 
ments must be made and the Secretary has been given 
some discretionary powers in this direction, to eperate 
during the current year. TI hope that next year we 
shall be able to report some improvement in_ the 
situation, 

Your Finance and General Purposes Committee 
have had many other matters under review during the 
year, but as these mainly come through the other 
Standing Committees they will be dealt with in the 
appropriate place. 


Editorial and Papers Committees 


Although these Committees are quite separate in 
their constitution, their work is so closely linked that 
it is appropriate that we should consider them to- 
gether. Throughout the year both Committees have 
vigorously pursued their joint aims of making the 
Institution’s Journal the most outstanding in its field. 

It is a matter of much gratification to the Com- 
mittees that support from advertisers has not only 
been maintained but increased during the year, which 
is an indication of the level of importance which is 
attached to the Journal. The additional revenue 
which has accrued from this has been ploughed-back 








in to the Journal to improve the editorial content and 
general presentation. The average number otf 
editorial pages each month during the past year was 
65 as compared with 55 during the previous year, 
which shows a notable increase in the amount of 
information we are able to convey to members 
through the medium of the Journal. 

In the past it has been our practice when consider- 
ing the finances of the Journal to set the revenue 
against the actual cost of production and distribution 
and no account has been taken of the Journal’s share 
of the overhead charges accruing from the Head 
Office general administration. On this basis, our 
Journal paid its way on the year’s working. It was 
agreed, however, between the Editorial Committee 
and the Finance and General Purposes Committee, 
that it was not sound economics to ignore the indirect 
cost of the Journal in terms of Head Office overhead 
charges. On a reasonable computation it was felt that 
a fair charge on the Journal for overheads would be 
in the region of £2,000 a year, and the Editorial 
Committee undertook to explore the possibilities of 
increasing the Journal’s revenue by this amount. 
Negotiations took place with the advertising agents, 
which resulted in the drawing up of a new contract 
which came into effect on the Ist January, 1955. The 
old contract had been in force since 1931 when the 
Institution’s Journal was quite an insignificant publi- 
cation and the Editorial Committee felt, quite justi- 
fiably in my view, that the greatly enhanced status 
and circulation of our Journal merited the Institution 
seeking better terms with the advertising agents. The 
new contract has achieved this purpose and will re- 
sult in the Journal revenue being increased by 
approximately £2,000 a year. Some benefit from this 
new arrangement has already been shown in our 
current accounts, to which I have just referred. The 
increase over the full year will be shown for the first 
time in our next published accounts, 

Apart from the advertising contract, the Editorial 
Committee have had continually under review the 
production and distribution costs of the Journal and 
I think it is probable that next year we shall be able 
to report further savings. 

The Papers Committee are making every effort to 
obtain more papers of the high standard required for 
publication in the Journal. The Committee still be- 
lieve that there is considerable scope for improve- 
ment in the local Sections and they do feel that our 
Section Committees do not take sufficient advantage 
of local talent. It has always been our policy in the 
past to publish only papers which have been presented 
to a meeting of the Institution but, as a means of 
securing an additional supply of papers, the Papers 
Committee have tried to encourage members and 
non-members to submit papers for consideration for 
publication whether they are eventually intended for 
presentation at a meeting or not. The Committee are 
convinced that there is a great deal of latent talent 
in the Institution and are prepared to assist members 
in the preparation of their papers. 

During the year, the Papers Committee arranged 
for the following Named Papers to be presented :- 

The 1954 Sir Alfred Herbert Paper was presented 


5? 





by The Rt. Hon. The Earl of Halsbury, F.R.I.C., 
F.Inst.P., at the Production Conference at Olympia 
in July, 1954. Lord Halsbury’s subject was: ‘“ Some 
Problems of Higher Technological Education” and 
the meeting was attended by over 600 members and 
visitors. 

The 1954 Viscount Nuffield Paper was presented by 
Major-General W. A. Lord, C.B., C.B.E., at The 
Royal Institution on the 19th December, 1954. 
General Lord’s subject was: “ The Corps of Royal 
Electrical and Mechanical Engineers and the Appli- 
cation of Modern Management and Production 
Techniques ”. 

The 1954 George Bray Memorial Lecture was pre- 
sented in Manchester on the 18th April, 1955, by Mr. 
Robert Douglas, M.B.E., Chairman and Managing 
Director of Dobson & Barlow Ltd. Mr. Douglas 
chose as his subject: “ Engineering and Production 
Aspects of Synthetic Fibre Manufacture”. This was 
a very interesting paper which attracted a large 
audience. 

These Papers have subsequently been published in 
the Journal, 

The Papers Committee would like to acknowledge 
the great assistance which they have received from 
Sections who submitted suggestions for authors and 
subjects for these Papers. 

With the great increase in our activities, more and 
more widespread publicity for the Institution’s aims 
and objects is being obtained. 

Mr. M. Seaman was Chairman of the Editorial 
tommittee for the year and Mr. K. J. Hume was 
Chairman of the Papers Committee. Both these 
Chairmen have been re-elected for a further year of 
office. 


Education and Membership Committees 
Membership 


The new requirements following the Articles of 
Association adopted in 1954, are now gaining accept- 
ance amongst applicants for membership. 

I am pleased to be able to report a continued rise 
in the membership of the Institution. Because of the 
new regulations, considerably more applicants are re- 
quired to quality academically, either by examination 
or by thesis. 


Membership Statistics. 
30th June 30th June 


1955 1954 
Honorary Members . ; , 8 8 
Members . ; ‘ ; . 1,593 1,526 
Associate Members . : . 4,875 4,796 
Associates . ; : ; . 156 162 
Graduates ; ‘ ; . ahaa 2007 
Students . , , ‘ . 1,125 1,064 
Affiliated Firms ' ; . 219 203 


10,101 9,836 


Net increase . 265 
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Broadening the Base” 

The Education Committee has investigated a num- 
ber of possible examination structures, giving 
particular attention, in the recommendations it has 
made, to the principle of broadening of the base. 


Summer School 

The 1954 Summer School was held at Ashorne 
Hill, near Leamington Spa, where the theme was 
“ Practical Training for Production’. Over 70 meni- 
bers attended, and in addition there were a number 
of visitors. 

One of the addresses was given by Sir Richard 
Livingstone, a former Vice-Chancellor of Oxford 
University, on “ The Humanities in Technical Educa- 
tion”; this was widely reported in the National Press 
and the subject has since been given increasing 
attention by all concerned with higher education. 


Production Engineering Courses Outside the Umted 
Kingdom 
In Canada, arrangements with the Ryerson Insti- 
tute of Technology, Toronto, are proceeding 
satisfactorily, and in May, 1955, the Institution’s own 
examination was held at the Ryerson Institute. 


Representation on Other Bodies 
National Advisory Council for Education in Industry 
and Commerce 

Following the Report of the Committee under the 
Chairmanship of Sir Ronald Weeks, to consider the 
structure of higher technological education in this 
country, the Minister of Education has accepted the 
recommendations that a National Award in Tech- 
nology be established. The Awards will be Diplomas 
in Technology, with honours for distinguished per- 
formances. In the first instance the Award will be 
comparable to a University First Degree. 

Two Boards of Study are being set up, on one of 
which — that concerned with Engineering — the 
Institution has been invited to nominate a member. 
Council decided that Sir Walter Puckey should be 
asked to accept this important office, and he has 
agreed to do so. 


Manchester College of Technology 

The Institution has been asked to advise on the 
future status of the Manchester College of Tech- 
nology, and has given its support to the proposal, 
now in effect, that the College be established as an 
independent body. Both the Manchester Corporation 
and the Manchester University have given their 
agreement. 

The Institution has been asked to nominate a rep- 
resentative to the Court of Governors and Mr. F, W. 
Cranmer has accepted the nomination. 


University of Nottingham 

The University of Nottingham has also asked the 
Institution to appoint a representative to the Court 
and Mr. A. H. Needham has been appointed. 

In addition, there are numerous Engineering Advi- 
sory Bodies, both locally and regionally, on which 














the Institution has been invited 


representation. 


to provide 


Associate Membership Examination 

The 1955 Examination was set during the last two 
weeks of May; the total number of candidates was 
230, which shows an increase of 10 over the pre- 
vious year. Approximately 55°/, of the candidates 
were successful in passing the examination. 

During the year, the Chairman of the Membership 
Committee was Mr. S. A. J. Parsons and the Chair- 
man of the Education Committee was Mr. C, L. 
Old. Mr. F. Woodifield has been elected Chairman 
of the Membership Committee for the current year 
and Mr. R. Ratcliffe has been elected Chairman of 
the Education Committee. 


Research Committee 

One of the Committee’s tasks during the year has 
been the compilation of a list of all investigations into 
problems of production engineering being undertaken 
at Universities and in industrial research organisations 
throughout the country. The Research Committee 
hopes to follow this with offers of assistance wherever 
it is thought that it might have useful comment to 
offer. The Committee was very glad to receive a 
visit from Mr. R. M. McKenzie of the University of 
Edinburgh and to discuss with him the work which 
his department is undertaking on the expansion of 
industry. It was found that there was a number of 
ways in which the Research Committee could help 
Mr. McKenzie. 

The Research Committee has also considered the 
possibility of the formation of a study group to co- 
ordinate the various investigations and developments 
taking place in the field of Automation. It was felt, 
however, that the Research Committee was not the 
correct body to undertake this work and it was recom- 
mended to Council that a separate committee be 
formed for the purpose. 


Activities of Sub-Committees 

The Material Utilisation Sub-Committee’s report 
was published shortly after the closing of the period 
which is the subject of this report, but it is felt that 
this is the proper place in which to record the issue 
of this most successful volume, which has been very 
well received. The Research Committee is now con- 
sidering further investigations on the same lines in 
fields other than the metal working industries. 

The Sub-Committee on Sources of Information has 
listed some 200 organisations from which, it is felt, 
information might be obtained by production engin- 
eers. A detailed questionnaire was sent to each of 
these organisations and the Sub-Committee’s main 
task is now to collate these replies and draft the de- 
tailed entries for the Directory of Sources of Informa- 
tion. This is a long and complicated process and the 
Sub-Committee does not expect to have this report 
ready for publication until late in 1956. 

The Report of the Sub-Committee on Production 
Control (jointly with the Institute of Cost and Works 
Accountants) was completed during the year under 
review, but unfortunately, unavoidable delays in the 





office of the printers prevented its publication as early 
as was hoped. With the completion of this report the 
work of the Joint Committee of the Institution of 
Production Engineers and the Institute of Cost and 
Works Accountants has been brought to a close, but 
the Research Committee and representatives of the 
I.C.W.A. have met and agreed to the appointment of 
a Standing Joint Committee. The Research Com- 
mittee is now considering future policy of this Com- 
mittee in order to submit recommendations to the 
Council, 

The Materials Handling Sub-Committee had, at 
the end of the previous year, submitted a recom- 
mendation that there be established a separate 
division of the Institution to deal with Materials 
Handling matters. This proposal has been under 
active consideration both in principle by a Sub- 

Jommittee appointed by the Finance and General 
Purposes Committee and, in detail as regards 
Materials Handling, by the Materials Handling Sub- 
Committee. Indeed, a great deal of that Committee’s 
time has been spent on this work. In addition, 
however, the Sub-Committee, in October, 1954, 
organised a Materials Handling Conference in 
Birmingham which was attended by over 250 
members and others. The Sub-Committee also 
compiled a detailed list of films on Materials Handling 
and is hoping to be able to see a number of them so 
that it can report on their usefulness and arrange film 
shows for the various Sections of the Institution. 

The Materials Handling Sub-Committee has also 
continued its investigations on Cost of Handling and 
is preparing for publication a series of further case 
studies with a view to a much more detailed report 
than any of those which it has previously published. 


Specialist Divisions 

On the recommendation of the Research Committee, 
an ad hoc committee of the Finance and General 
Purposes Committee has been set up to consider the 
possibilities of establishing divisions within the 
Institution to provide for the specialised interests of 
groups of members. Materials Handling is being 
examined as a possible first step and consultations are 
taking place between the Materials Handling Sub- 
Committee, the Education Committee and the ad hoc 
committee. 

The Chairman of the Research Committee through- 
out the year was Mr. B. H. Dyson, who has been 
re-elected for a further year of office. The Chairman 
of the Material Utilisation Sub-Committee was Mr. 
R. M. Evans. Mr. Peter Spear was Chairman of the 
Sub-Committee on Sources of Information, and Mr. 
F. G. S. English Chairman of the Sub-Committee on 
Production Control. Mr. T, W. Elkington was 
Chairman of the Materials Handling Sub-Committee, 
but unfortunately had to relinquish office due to 
illness. His place has been taken by Mr. A. G. Hayek. 
I am happy to be able to report that Mr. Elkington 
is now fully recovered and is again very active in 
Institution affairs. 


Standards Committee 
The Committee has considered 14 Draft British 
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Standard Specifications during the year and submitted 
comments on them wherever required. In addition, 
the Committee has submitted a detailed reply to a 
request from the British Standards Institution for 
information as to whether standards are required for 
General Purpose Iron and Steel Valves and the 
specific types of valves that might be considered 
necessary. 

The Committee gave detailed consideration to 
criticisms of B.S.2558— Tubular Box Spanners — 
submitted by a member of the Institution and these 
comments were passed to the B.S.I. 

The Committee has appointed representatives on a 
further four B.S.1. Technical Committees. 

In May, 1955, the Committee in co-operation with 
the B.S.I. organised a Conference of Standards 
Engineers. This meeting was particularly successful : 
it discussed the coding of Standards, the issue of 
loose-leaf data sheets and extension of the use of 
British Standards. As a result, a Standing Joint 
Comunittee of representatives of the B.S.I. and of the 
Institution of Production Engineers has been 
appointed to be responsible for calling future 
conferences. On the recommendation of the May 
Conference, the B.S.I. has agreed to consider all 
specifications with a view to issuing data sheets where- 
ever possible. 

The publication of an article on Cutting Tool 
Nomenclature by Mr. G. V. Stabler in the May, 1955, 
issue of the Journal has led the Standards Committee 
to go into this question in considerable detail. At one 
meeting, Mr. Stabler and a representative from 
PERA were present and their views — often 
conflicting — were discussed at length. The 
Committee’s work in this connection is proceeding. 

During the year, the Standards Committee devoted 
some of its time to considering what action it could 
take with regard to publicity for standardisation. It 
began the preparation of a report showing how many 
standardisation suggestions had been passed to B.S.1. 
over the years and what had been the result of these 
suggestions. It is hoped that this report will be 
published during the year 1955/56. 

The Standards Committee feels that it has its part 
to play in the Institution’s developing interest in 
automation and has begun detailed consideration of 
the possibility of standardising transfer units, with 
special reference to the actual machine heads as 
opposed to the means of transferring components or 
complete machine tools. 

The Committee has referred to the B.S.I. a problem 
felt by a number of members of the Institution with 
regard to obtaining information about international 
standards. Such information is of vital importance to 
members whose companies are engaged in the export 
trade and it is hoped that the Standards Committee 
will have something definite to report before very 
long. 

The Chairman of the Committee during the year 
1954/55 has been Mr. R. E. Mills, who has been 
re-elected for a further year. 


Hazleton Memorial Library Committee 
During the period under review about 200 books 
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were added to the Library, which now comprises 
about 4,000 books and pamphlets besides the files of 
about 300 periodicals. “The Library was steadily used 
by all sections of the Institution; it issued an average 
of 191 books per month and answered an average of 
102 enquiries. Most of the business is done by post 
and telephone, although an increasing number of 
members, attracted no doubt by the improved 
premises, are visiting the Library personally. It is 
hoped that the publication of the catalogue wiil 
encourage more members to use the Library. 

The Library co-operates with the National Central 
Library, ASLIB, the Science Library, the libraries of 
kindred institutions and many other special libraries. 
Were it not for this system of mutual help, many 
books and much information would not be available 
to users of our Library, itself regarded by other 
libraries as a source of information on books on 
metalworking and machine tools. 

The Committee again wishes to express its thanks 
to the meinbers who review and abstract books added 
to the Library. 

The Chairman of the Committee during the period 
was Lord Sempill, who has been re-elected for a 
further year of office. The Chairman of the Book- 
Selection Sub-Committee was Mr. J. C. Z. Martin 
who has also been re-elected for a further year. 

The work of our Standing Committees is invaluable 
to the Institution and I should like to express here 
my sincere appreciation, on behalf of the Council, 
for the loyal and conscientious service which the 
Chairman and members of the Standing Committees 
give to the Institution. 


Regional and Section Activities 

Regional and Section activities have gone from 
strength to strength; 308 Section lecture meetings 
and four Regional lecture meetings have been held in 
the United Kingdom, and over 50 meetings have 
been held in Sections outside the United Kingdom. In 
addition, many successful social functions have been 
arranged and numerous interesting works visits have 
been organised. 

The Regional Plan has now been in operation for 
twelve months, In the more closely-knit Regions 
arrangements are working very satisfactorily and a 
spirit of Regional co-operation is being achieved. 
However, in some of the Regions geographical 
considerations make it very difficult for arrangements 
to operate effectively, but the scheme is sufficiently 
flexible to allow each Region ample freedom and it is 
hoped that as time goes on Regional activities will 
become more and more firmly established. 

The Southern Section again organised a Conference 

the third in the series — on “ Problems of Aircraft 
Production” which was held at the University of 
Southampton in January, 1955. The Conference 
attracted considerable interest and, in spite of the fact 
that a blizzard raged throughout most of the duration 
of the Conference, all the sessions were filled to 
capacity. This Conference has now achieved a very 
high standard and the Southern Section are to be 
congratulated on their initiative in developing this 
extremely valuable activity. 
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The Cornwall Section promoted a Conference on 
the subject of “Compressed Air as an Aid to 
Productivity’. The Conference was held in 
Camborne at Easter and although Camborne is such 
a very great distance from the main centres of 
industry over 100 members and visitors attended, 
more than half of whom journeyed to Cornwall from 
other parts of the country. The success of this venture 
was very gratifying and the Cornwall Section are 
considering repeating the function in the near future. 

The Conference of Regional Officers was held in 
January, when the Regional Plan was fully discussed 
and many valuable suggestions were made for 
improving the arrangements. 

The annual Conference of the Section Honorary 
Secretaries was held in May and valuable discussions 
took place on the administrative problems of the 
Institution. 

Our Graduate Sections still continue to play a very 
active part in the affairs of the Institution. I have 
already referred to the interesting discussion on 
“The Place of the Graduate in the Institution ” 
which was held at a Council meeting, when 
representatives of Graduate Sections were present. 
The London Graduate Section and the Halifax 
Graduate Section both organised Week-end Schools. 
A Conference of representatives from all the Graduate 
Sections was arranged by the Wolverhampton 
Graduate Section in March. Although the purpose 
of this Conference is to _ discuss particular 
administrative problems of the Graduate Sections, 
many points of Institution policy were discussed and 
those Graduates who attended felt that they had a 
very satisfactory meeting. 

Not the least valuable aspect of all these various 
activities throughout the Institution is the 
opportunities which they provide to renew old 
acquaintances and to make many new friends. 


Honours 
Her Majesty The Queen has been graciously 
pleased to confer honours on a number of members of 
the Institution whose names T give below :- 
Knight Bachelor 
H. Spurrier. 
C.B.E. 
F. W. Halliwell; H.W. Hobbs; B. A. Williams. 
M.B.E. 
E. Ayland; W. G. Bennett; J. W. Gardner. 
O.B.E. 
R. A. Wright. 
I am sure that all will join with me in con- 
gratulating these members on the Sovereign’s 
recognition of their services to the Realm. 


Obituary 


It is with deep regret that the deaths of 30 of ou 
members during the year must be recorded. Their 
names have been published in the Journal. 


Headquarters Staff 


| have already referred to the problems of stafhiing 
which we have had at our Headquarters during the 








year but I should like this opportunity to record our 
appreciation of our Senior Staff. In Mr. Woodford 
we have an exceptional Secretary and the time he 
gives to Institution business out of normal working 
hours, often ably supported by Mrs. Woodford, 
constitutes a very considerable burden which he 
carries as if it were no burden at all. 

Again, he and the Institution, have been loyally 
served by his three lieutenants — Miss Bremner, Mr. 
Badger and Mr, Caselton. 

We were very sorry indeed to lose the services of 
Miss P. Cooper, B.A. (now Mrs. Steane) who re- 
linquished her appointment as Hazleton Memorial 
Librarian in December, 1954, subsequent to her 
marriage. When the Hazleton Memorial Library was 
constituted after the War, Miss Cooper was given 
charge of the Library; she did invaluable work in 
creating the fine Library which we now have and in 
building up the information service which has proved 
of such great use to all those members who have 
occasion to require this facility. ‘The Council would 
like to place on record its appreciation of Mrs. 
Steane’s services to the Institution and to wish her 
well in her future life. 

Miss M. South, B.A., F.L.A., has been appointed 
as Librarian and has already proved herself to be an 
able successor to Mrs, Steane. 


Awards 

On the recommendation of the Papers Committee, 
the following awards for Papers were made during the 
year :- 

Institution Medal for the Best Paper presented to a 
Section by a Member: To Mr. K. J. Hume, 
M.I.Mech.E., M.1.Prod.E., for his Paper on 
“Fundamentals of Gauge Design”. 

Institution Medal for the Best Paper presented to a 
Section by a Non-Member : To Mr. F. Nixon for his 
Paper on “ The Effective Utilisation of Materials 

The Hutchinson Memorial Award (for the Best 
Paper presented to a Section by a Graduate): To Mr. 
G. Cubitt-Smith for his Paper on “ Resistance 
Welding in America ”’. 

Schofield Travel Scholarship: Vo Mr. W. R. 
Bailey, Grad.1.Prod.E. 

The Lord Austin Award: (Vhis award had not 
been confirmed at the time of going to press.) 


Services of Members 

I am able again to record with great pleasure the 
Council’s keen appreciation of the enormous services 
rendered to the Institution by many members during 
the course of the year. Members are able to serve the 
Institution in a variety of ways; they can serve on 
Committees, they can represent the Institution on 
other organisations, they can assist with the work of 
the Standards Committee, they can help the Library 
by reviewing or abstracting new books, and in many 
other ways. 

I am quite sure that there must be many other 
members who would like to give service to the 
Institution if opportunities were provided. To enable 
us to keep much closer contact with the generality of 
members and to make greater use of the enormous 
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body of knowledge which is available, a new index oi 
members, showing their special interests, is in course 
of being established at Headquarters. I hope that 
this new index when it is fully operating will enable 
us to offer many more members the opportunity of 
rendering service to their profession, 


The President 


At the end of June, 1955, Sir Walter Puckey’s 
period of office as President came to an end. Sir 
Walter relinquished office having served the 
Institution continuously as a Principal Officer for 
seven years; first as Vice-Chairman of Council, then 
Chairman of Council, then as Vice-President, then 
President-elect and, finally, as President, which is the 
highest office of all to which a member can aspire. 

Sir Walter’s record of service is unique in the 
Institution and to make some small token of 
appreciation, a special dinner party was held in the 
House of Lords, through the very kind offices of 
Lord Sempill and by permission of the Lord Great 
Chamberlain, at which Sir Walter was presented with 
a silver tray on which was engraved the facsimile 
signature of every member of Council in the United 
Kingdom. It was fortunate that Mr. H. Le 
Cheminant, an old and valued member of the 
Institution, was on a visit to this country from 
Australia: we were thus able to invite him to this 
special dinner as representing our members outside 


the United Kingdom and to include his signature on 
the silver tray. 

I find it difficult to find words adequately to express 
our great respect and affection for Sir Walter. 
More often than most he seems to be gifted with those 
flashes of inspiration which have such a profound and 
progressive influence on the future of our Institution. 
I, personally, as a member of the Finance and General 
Purposes Committee working under his Chairmanship, 
and as Vice-Chairman and Chairman of Council 
working under his Presidency, have received stimula- 
tion, edification and sometimes provocation for whic! 
I shall always be in his debt. 


Looking Ahead 

The possibilities that lie ahead of production 
engineers are immense. The technological discoveries 
and inventions of the past decade or so offer to 
production engineers a great challenge. They open 
up entirely new methods of production which will 
have the most profound effect upon our standard of 
living. These technological changes will, in their 
turn, bring the most complex problems of human 
relations. These human problems are as much a 
concern of the production engineer as the purely 
technical ones, and the Institution of Production 
Engineers, not only as a corporate body, but throvgh 
the personal activities of each of its members, has a 
unigue opportunity of bringing lasting benefit to 
mankind. 





JOURNAL BINDERS 


Strongly-made binders for the Institution Journal 
each holding 12 issues, may be obtained from Head 
Office, 10 Chesterfield Street, London, W.1, price 


10/6 each, including postage. 
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RESEARCH PUBLICATIONS 
Production Engineering Research Association, 
“Staveley Lodge”, Melton Mowbray, Leics. 

A number of copies of the following Research 
publications are still available to members, at the 
prices stated : 

These publications may be obtained from the 


Machine Tool Research and Management 10/6 
Report on Surface Finish, by Dr. G. Schlesinger 15/6 
Practical Drilling Tests 21/- 
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THE INSTITUTION OF PRODUCTION ENGINEERS 


BALANCE SHEET as at 30th JUNE, 1955. 





1954 1954 
4 £ £ t 4 4 £ 
Accumulated Funds and Surplus Fixed Assets 
25,000 The Viscount Nuffield Gift ... 25,000 35,000 Freehold Premises: At cost ... 
500 The Lord Austin Prize Fund ... 500 Freehold Premises: Cost of 
100 The Hutchinson Memorial Fund 100 Alterations and Equipment, 
500 The George Bray Memorial Fund 500 less Donations, Reserves, etc. 
- 26,100 —— 26,100 Balance as Ist July, 1954 ... 4,964 
464 Special Reserve ... feu es - Deduct receipts less expendi- 
Renovations Reserve... 500 ture during year ... as gee 
Life Subscriptions: Less amount 1,964 — 
transferred to Income and Furniture, Fittings and Plant at 
895 Expenditure Account 1,014 the net amount standing in the 
10,652. Income and Expenditure Account 17,738 Institution’s books at 30th 
— — June, 1948... aes “+ Su 
38,111 45,352 Additions ie ay .3 6G 445 
Hazleton Memorial Library ~ 
250 Catalogue... 7,976 
56 Melbourne Prize Account... 56 Less Depreciation to date ... 3,123 
235 Schofield Scholarship ... — 131 3,627 
Production Exhibition and Fund Investments at cost: as 
500 Conference... scheduled (Market Value 
Work Study Symposium : South 1,100 £1,056) 
76 Africa 85 — 
Current Liabilities 44,691 
16,646 Sundry Creditors hoe wwe 92,655 Current Assets 
Subscriptions Received in Sundry Debtors, Deposits and 
313 Advance i48 sa 466 9,529 Stocks 12,897 
Bank Overdraft: Less Sections United Building Society. De posit 
49 and Cash Balance ... ie 615 2,016 (South Africa) -* » “2097 
— 17,008 - 13,136 11,545 
£56,236 £58,760 £56,236 £ 





SIR WALTER PUCKEY, President. 
G. R. PRYOR, Chairman of Council and Finance Committee. 
W. F. S. WOODFORD, Secretary. 


Report of the Auditors to the Members of The Institution of Production Engineers. 


We have obtained all the information and explanations which to the best of our knowledge and belief were necessary for 
the purposes of our audit. In our opinion proper books of account have been kept by the Institution so far as appears from 
our examination of those books. Audited Balance Sheets and Accounts have been received from each of the Overseas Sub- 
Councils and these have been incorporated in the above Balance Sheet and annexed Income and Expenditure Account. We 
have examined the above Balance Sheet and annexed Income and Expenditure Account which are in agreement with the 
books of account audited by us and the audited Sub-Councils’ Accounts supplied to us. In our opinion and to the best of 
our information and according to the explanations given us the said Accounts give the information required by the Companies 
Act, 1948, in the manner so required and the Balance Sheet gives a true and fair view of the state of the Institution’s affairs 
as at 30th June, 1955, and the Income and Expenditure Account gives a true and fair view of the excess of income over 
expenditure for the year ended on that date. 


20 Bloomsbury Square, GIBSON, APPLEBY & CO., 
London, W.C.1. Auditors, 


Chartered Accountants. 
29th November, 1955. 
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£ 


35,000 


2,813 


4,853 


1,100 


43,766 


14,994 


58,760 

















1954 
4 
591 
1,259 
289 
2,139 
2,156 
3,648 
364 
200 
1,475 
420 
~ 8,263 
14,874 
2,209 
2,499 
1,162 
5,870 
23,056 
2,465 
222 
25,743 
251 
421 
208 
338 
426 
100 
864 
567 
250 
500 
——- 1,317 
2,590 


£62,540 


3,027 To 


10,652 


£13,679 


INCOME AND EXPENDITURE ACCOUNT for the Year ended 30th JUNE, 1955. 


To Establishment Charges 
Rates aa jun nee 
Light, Ileat and Cleaning 
Repairs and Renewals 


Administration Expenses 
Postage and Telephone 
Printing and Stationery 
Professional Charges 

Insurance “a 
Audit shel 
Travel, Entertaining 

Meetings (other 

Sections .. 
Miscellaneous 


and 


and 
than 


» Salarics ; 

» Section Expenses 
United Kingdom ... 
Overseas (Audit Fees £98) 
Central Services 


, Journal 
Printing 
Postage and Envelopes 
Reporting 


» Institution Papers... ~~ 
» Hazleton Memorial Library 
Donations and Grants 
Miscellaneous 
Annual Dinner, 
Year Book ... 
Summer School 


1954 


Provisions 
Depreciation 
and Fittings 
Hazleton Memorial Library 
Catalogue 
Production C onference 
Exhibition 


Furniture 


and 


,» Renovations Reserve “ea 
Balance—Excess of Income 
over Expenditure carried 
down 
Loss on Sale of Securieties 


Transfer to New Building Fund: 
New Zealand = 
South Africa 


Balance carried forward... 


INVESTMENTS AT COST, 


£ £ 
971 
1,551 
246 
2,768 
1,993 
4,562 
122 
200 
1,594 
15 
8,486 
16,757 
1,977 
2,301 
1,351 
5,629 
26,975 
2,860 
209 
30,044 
299 
223 
113 
12 
100 
117 
229 
762 
762 
500 
7,072 
£72,882 
APPROPRIATION 
£ £ 
100 
350 
450 
17,738 
£18,188 


The Lord Austin Prize Fund 


£95 8s. 5d. 34% 


War Stock 
£575 8s. 3d. London County 3% Consolidated Stock, 


The Hutchinson Memorial Fund 


£95 8s. 


5d. 34% War Stock 


The George Bray Memorial Fund 


£775 Os. 


9d. London County 3% 


Consolidated Stock, 


1954 
Z £ 
28,832 
311 
1,360 
4,311 
796 
35,610 
804 
26,078 
48 
£62,540 
ACCOUNT 
1954 


£ 
10,070 By 


2,590 
1,019 


£13,679 


30th JUNE, 


1920 


(Market Value £ 


Balance at Ist July, 
Excess of Income over Expe nditure brought 


Profit on Sale 


1920 


By Subscriptions 
Renewals and 
Transfers 
New 
Overseas 
Entrance Fees 
Registration and ‘Miscella- 

neous Fees 
Recovery of Income 
Subscriptions 


Arrears 


‘Tax ¢ on 


» Interest 
Journal Receipts 
Sale of Publications ... 
Conferences ... 
Miscellaneous Receipts 


1954 


down 
of Lease 
Transfer from Special Reserve 


1955. 
£ £ 
100 
400 
500 
100 
500 


£1,100 


1,056 10s. 4d. 





t 


30,292 


341 
957 
4,309 
542 
689 


5,546 


42,676 
136 
29,597 
10 

432 

31 


£ 
10,652 


7,072 


464 


£18,188 


4 





Exp 


Exce 


Ace 
Mel 
Sch 
Wor 
Cur 

S 





4 





Expenditure 


United Kingdom 


Outside the U.K. : 


United Kingdom 


Outside the U.K. : 


Sundry Creditors 


THE INSTITUTION OF PRODUCTION ENGINEERS 


SUMMARY OF INCOME AND EXPENDITURE ACCOUNT 


Australia 
Bombay 
Calcutta a 
New Zealand 
South Africa 
Canada ; 


Excess of Income over Expenditure 


Australia 
Bombay 
Calcutta - 
New Zealand 
South Africa 
Canada 


for the Year to 30th JUNE, 1955. 


£ 


1,081 
215 
142 

20 
650 
212 


818 
151 
335 
129 
524 
227 


£ 


63,490 


2,320 
4,888 


2,184 





£72,882 


Income 

United Kingdom — 

Outside the U.K.: Australia 
Bombay 
Calcutta is 
New Zealand 
South Africa 
Canada 


ANALYSIS OF ASSETS AND LIABILITIES at 30th JUNE, 1955. 


Accumulated Funds and Surplus 
Melbourne Prize Account—Australia 
Schofield Scholarship 
Work Study Symposium 
Current Liabilities 


Subscriptions Received in Advance 


Bank Overdraft 


United Kingdom 


South Africa ... 


U.K. 
£ 
39,446 


131 
11,708 


349 
4,804 


£56,438 


Outside 
U.K. 

£ 
5,906 
56 


£6,512 


Fixed Assets 
Freehold Premises epi aoe 
Furniture, Fittings and Plant ... 
Fund Investments 


Current Assets 
Sundry Debtors, Deposits and Stocks 
Investments. South Africa 
Cash at Bank and in Transit 
United Kingdom 
Australia = 
Bombay 
Calcutta 
New Zealand 
South Africa 
Canada 





£ £ 
68,378 
1,899 
366 
477 
149 
1,174 
439 
— 4,504 
£72,882 
Outside 
U.K. U.K. 
Ps £& 
37,813 


4,663 190 
1,100 


43,576 190 


12,862 35 
2,097 


2,059 

87 

944 

397 

465 

238 

£56,438 £6,512 











Hazleton Memorial Library 





“The Automatic Factory — A Critical Examination.” 
Fittsburgh Publishing Co., 1955. 81 pages. Illustrated. 
Diagrams. $1.50. 

This little book of something under 80 pages will be of 
interest to those who are considering the installation of 
automatic transfer mechanisms. It is a report by a student 
team from the manufacturing course of Georges F. Doriot at 
the Harvard Graduate School of Business Administration. 
The team spent six months in research on this problem and 
claim that they interviewed the leading authorities and read 
the literature of this fascinating subject. Their chief 
objective was to bring the automatic factory into prope: 
perspective and they claim that the report attempts to bridge 
the gap between theoretical concepts and the actual industrial 
developments of the automatic factory. 

The last 15 pages are devoted to a detailed report 
involving cost comparisons of the “ Tinkertoy ” project — a 
new method of manufacturing electronic equipment which 
was prepared by a group of consultants for the Department 
of the Navy, Bureau of Aeronautics, of Washington. The 
report includes a comparison between automatic and hand 
assembly and is particularly useful because it provides both 
diagrams and tables relating to costs. 

Turning now to the remainder of the book which wa 
prepared by these seven authors: the first chapter contains 
a thesis of the report, while the remaining chapters suppor 
these conclusions. The following chapter consists of a 
clarification of what they term “the state of confusion ” 
which arises from the different meanings ascribed to that new 
word “automation ’’. The authors point out that each of 
the contributing industries, comprising manufacturers of 
automatic handling equipment, the machine tool makers, the 
providers of electrical and electronic apparatus, and others, 
tend to think of their particular cmntribution a: 
“automation *, whereas, of course, the word (which was 
originated by a Vice-President of Manufacturing of the Ford 
Motor Company and was intended to describe interoperation 
mechanisms) is now comprehensive. 

The next chapter deals with the growth of mechanisation 
and the tendency towards complete automaticity. It des- 
cribes the elements of the automatic factory and refers to 
the open and closed loop control system. Following this, 
there is in Chapter 4 a discussion of the obstacles in the 
path of progress towards the automatic factory. It breaks 
down into four classifications, viz: the complexity of the pro- 
cess; the lack of qualified personnel; the decentralisation of 
essential skills, and the high cost of development. In regard 
to the decentralisation of essential skills, it is shown that 
this results in a lack of co-operation between the machine 
tool builders and the other contributors to automation. 

Chapter 5 deals with contemporary examples of auto- 
mation and there are some excellent photographs to illus- 
trate the examples given. The next chapter gives eleven 
case studies relating to costs. This, also illustrated by 
photographs, is probably the most useful portion of the 
book. In Chapter 7, the social implications of the automatic 


factory are discussed. The conclusions reached in this 
chapter do not differ much, if at all, from the corclusions 
that have been reached in this country. They do say. 


among other things, that “ individual managements should 
assume responsibility for their employees displaced or re- 
placed by automatic techniques ” 

The final chapter is devoted to the future and here there 
is a discussion of the factors in industry contributing to the 
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trend of the wider use of automation among which there 
are three that may be mentioned here: ‘“ Competition 
among equipment manufacturers; competition among equip- 
ment purchasers, and the return of the buyers’ market ” 
the latter probably being the greatest urge. The autiiors 
also discuss the areas in which they expect the greatest 
advances in automation to be made in the near future. 
This book is interesting in that it presents, in concise man- 
ner, the reaction of the members of the American public 
to automation. F.G.W. 


** Quality Control’ by Norbert L. Enrick. Second ed. 
Industrial Press, New York. Machinery Publishing Co., 
Brighton, 1954. 181 pages. Diagrams. £1. 17s. 6d. 
The author has succeeded in writing for the practical 

man a book on the procedure for quality control operation. 

Part I describes the fundamentals of inspection methods: 
procedures required for installing lot-by-lot inspection; 
sampling and process inspection methods; and the introduc- 
tion and application of quality control methods into a plant. 
Tolerances and allowances, variability of products, basic 
dimensions and standardisation of tolerances and allowances 
are simply explained. A small section covers unified and 
American standards for screw threads. Mass Production 
gauging with its limiting factors, and the use of inspection 
data in establishing specifications are described. Sections 
on the management aspect of quality control, a typical case 
history, the statistical basis of modern quality control, the 
mathematical theory of control charts, and a mention of 
special control charts for use with old and worn machinery, 
c»mplete the first part. 

Part II utilises examples from semi-continuous and con- 
tinuous processes, as against piece-part manufacture in Part 
I. Further product variability, standard deviations, practical 
applications, the computation and use of control charts, 
acceptance control charts, and analysis of variance are 
discussed. 

Although not a book for the expert, it may be read with 
advantage by those wishing to broaden their views on the 
subject and gain an insight into the American concept of 
modern control. ©.2.5. 


“Personnel Management: Principles and Practice’ by 
C. H. Northcott. Third edition. Pitman, London, 1955. 
427 pages. £1. 10s. Od. 

This is the third edition of the author’s “ Personnel 
Management: Its Scope and Practice’, the second edition 
of which was published in 1950. The sub-title has been 
altered to indicate a change in contents, which are now 
divided into two sections. The first, which deals with 
principles, comprises chapters on Organisation and the Place 
of Personnel Management; Aims and Principles in Industry: 
Policies and Procedures; Incentives; Working Environment: 
Psychology; Industrial Relations; and Joint Consultation. 
The second part deals with the practical applications of the 
principles; the Working of a Personnel Department; Employ- 
ment; Records; Selection and Training; Wages: Education: 
Health and Safety; Welfare Services; and Industrial Re- 
lations in Practice. 

The author, who is a former Director of the Institute of 
Personnel Management, and a former Labour Manager of 
Rowntree and Company, illustrates his book with practical 
examples. The book is well documented and includes a 
bibliography. 














** Organic Protective Coatings” Editors: William von 
Fischer and Edward G. Bobalek. Reinhold, New York, 
1953. 387 pages. Illustrated. Diagrams. £3. 10s. Od. 
This work commences by introducing ‘ paint” as an engin- 

eering material of today, as compared with the nineteenth 

century, when painting was considered artistic through the 
medium of a paint brush. 

The reason for this, the author reveals, is that through 
constant research over the past 30 years, science has 
developed a greater understanding of the crystalline struc- 
ture of basic materials surrounding the problems of cor- 
rosion inhibition. Therefore, the decorative properties of the 
film became secondary to those possessing corrosion resist- 
ance of protective value, although with the more recent 
coatings, technology has improved the corrosion protective 
properties without sacrificing any of the decorative or colour 
properties of the ancient art. 

Where previously colour matching was the technique, 
today paint formulation is a formula of engineering 
requirements. 

Rapid application of coating became successful through 
the discovery of synthetic resins and pigments, together with 
the engineering development of the spray gun. Coatings 
technology and development are next discussed, thoroughly 
pursuing the principles of paint formulation, pigment dis- 
persion and various anti-corrosive pigments. 

Relative absorption and reflectance of pigments follow, 
considering at length luminescent coating characteristics and 
reflectance sprectrophotometry. Pigment research over the 
past 25 years has developed new type pigments, which are 
next clearly illustrated for use in modern colour design. 

The authors then present a thesis on the chemistry and 
physics of vinyl and amino-plast resins, clearly defining their 
status in industry today. A practical discussion follows, 
penetrating the history and properties of various types of 
wood, together with their relative effect on paint perform- 
ance. Also, considerable details are given of hot spray 
lacquers, the control of physical constants and film formula- 
tion, plus recent industrial progress. 

Emulsion and latex type paints are next pursued, examin- 
ing film structures and the basic principles involved in 
formulation, followed by a discussion on the advantages and 
disadvantages of such coatings, and for metal protection, 
synthetic resin coatings are briefly reviewed. 

Organic coatings for electrical insulation are then dis- 
cussed, giving an insight into the various resins and methods 
employed over the past century, together with the more 
recent epoxy type resins. Finally, a compact study is made 
of the silicone resins in heat-resistant paints, with a brief 
reference to the chemistry and physics, plus the results of 
many life and exposure tests, leaving the reader with an eye 
to the future. 

This volume, similar to its predecessor by von Fischer, 
“Paint and Varnish Technology ”’, is one of a lecture series 
held at the Case Institute of Technology, Ohio, and once 
more the editors are to be complimented on their admirable 
selection and presentation. There is complete continuity : 
for the student this volume could be his “ 2nd year”; for 
the manufacturer and industrial user, the work contains a 
wealth of information for inclusion in the library. 

It is disappointing to note, however, the briefness of the 
section on mechanisms of film failure, as this section is of 
great importance to the industry and could have been 
exnanded. 

The work is clearly defined, using many illustrations and 
bibliographical references of up-to-date knowledge. 

H.B.]. 


** Engineering Works Practice.” Four volumes and Data 
Sheets. Newnes, London, 1955. £8. 10s. Od. 
A collective work covering many branches of engineering 
production related subject matter. 

Vol. I. Patternmaking and Foundry Practice, Machine 
Shop Practice, Forging and Smithing. 

Vol. IT. Welding, Presswork, Special Processes (including 
Metal Spinning, Powder Metallurgy, etc.), Engin- 
eering Materials. 

Vol. III. Production Planning, Jig & Tool Design, Inspec- 


tion, Surveys of Aircraft, Shipbuilding and 
Locomotive Manufacture. 

Vol. IV. Instruments, Electronics, Gas and Steam Plant 
and Engines, Diesel Engines, Electric Motors, 
Installation of Machine Tools, Mining Machinery. 

The Data Sheets cover screw threads, Newall limits, etc., 
and also the features of a number of principal makes of 
machine tools. The work is generously illustrated with 
photographs and line diagrams, and is well indexed. The 
subject matter is comprehensive rather than its treatment. 


AJL. 


** Vapor-plating: The Formation of Metallic and Refrac- 
tory Coatings by Vapor Deposition” by C. F. Fowell 
and others. Wiley, New York. Chapman & Hall, London. 
1955. 158 pages. £4. 4s. Od. 

When I saw this book, I thought that here we had a new 
process and perhaps the American authors were out to sell 
it. The process, however, is not new—the most familiar 
example to most of us being nitriding. 

The book consists of 142 pages of concentrated technical 
data, much of which was out of my depth, dealing as it 
does with the chemical side of the process. Unfortunately, 
there is not much information of real value to the production 
engineer. The saving grace is that the book is divided up 
into very well defined sections; consequently, reference to 
vapour plating say, by borides, is very easily found. 

When discussing metal vapour plating, there is a note at 
the end of each section describing the properties of the 
coating. This I found to be of consid-rable interest. Un- 
fortunately no information is given or the economics of a 
particular process or snags one could be expected to find. 
To compensate for this, there are most copious references at 
the end of each chapter which, I should imagine, would 
give information more useful to us. 

As I said at the beginning, nitriding is the process with 
which we are all probably most familiar. I made this 
remark to show that the term “ Vapor plating” has been 
used in this book only to describe the chemical process in 
which the metal is carried in the form of a vapourised 
chemical compound over a component at a considerably 
higher temperature. This must not be confused with the 
physical process in which the metal vapour condenses on a 
detail which is kept at a much lower temperature. 

The vapour coating by metals, carbides, nitrides, borides, 
siliacides and oxides are all discussed. 

I gained the impression that—illustrious as the authors 
are—they compiled this book mostly from written wor's 
rather than actual practice. 

I consider the book to be a very comprehensive review of 
the field of vapour-plating in a purely technical sense, but 
I am afraid it is of very little use to the production engineer. 


R.E.M. 


** Oxford Junior Encyclopaedia.” Vol. VIII—Engin- 
eering. Oxford University Press, London, 1955. 496 
pages. [Illustrated Diagrams. £1. 10s. Od. 

I do not know why this book is called a “ Junior”, 
unless it covers all juniors from 8 to 80 because they have 
young, agile minds. To my mind, an_ engineering 
encyclopaedia should explain things in a manner which 
assumes in the reader a sound basic sense and an ability 
to comprehend. This work does just that. There is not 
a word in its 500 pages that I would not hesitate to 
quote before any body of engineers if I wanted to ex- 
plain a point or define something. My only complaint 
is the definition of production engineering, which only 
covers the mass production aspect. However, it goes on 
to explain the true meaning of production engineering as 
we understand it. 

All aspects of engineering are covered — Civil, 
Mechanical, Electrical and Aeronautical, besides power 
science and mathematics. All other forms of engineering 
come under the heading of special engineering. 

This work is written in a very sober and conservative 
manner, and very carefully avoids anything too spectacu- 
lar. Fundamentals are explained well and logical steps 
are described and well illustrated. 
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To cover the whole field of engineering in 500 pages 
is obviously an impossible task, and it would not 
be difficult to notice the omissions. A very good sense 
of balance has, however, been obtained and no attempt 
has been made to try and cramp too much into the 
space provided. Engineering is naturally a subject which 
advances very rapidly, and books of this kind can date 
quickly. This Encyclopaedia is right up to date without 





indulging in “futuristic fancifying’, so it should hold 
its place for a few years to come. 

The Librarian made a special plea to me to review this 
book quickly, as she was using it regularly for reference. 
I recommend that the book be kept as a reference book 
rather than be lent out, and I also recommend that we 
should not hesitate to follow her example. 
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Aircraft Engineering. Vol. 22, 1950. 

Aircraft Production. Vol. 12, 1950.- 
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in renowned service 


. . where accuracy and economic production are vital factors 
the Austin Motor Co. Ltd. employ Newall crankpin 
and cylindrical grinders in their production lines for crank- 
shafts used in the internationally famous range of Austin Cars 
and Commercial vehicles. : 

An extremely robust machine, the Newall Model ‘LA’ auto- 
matic cylindrical grinder illustrated above is a versatile unit 
adaptable for the production of a wide range of components. 
Size range: Centre Heights 10” or 16” 

Distance between centres—24” 36” 48” 60” 72” 84” 


















REPRODUCED BY COURTESY OF THE AUSTIN MOTOR CO LIMITED 
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Smith, Brown, Jones and Robinson 
- a bit from each of you - and quickly! 


Up to the ears in telephones. Clearing the snags 
on an automatic welding production line. And 
tired of getting different answers from too many 
suppliers. Ever happen to you? 

You'll find Quasi-Arc talk your language. A 
single number—Bilston 41905—on your telephone. 

Quasi-Arc Limited are the only people in the 
arc welding business who make and sell everything. 
They can quickly provide you with manual and 
automatic welding equipment, installations and 
supplies—everything you need, including sound 
technical advice. You will find they are thoroughly 


equipped for service and research. 
So reach for that telephone with a smile. 
Quasi-Arc can deliver. 


The interests and activities of The Quasi-Arc Company 
Limited and Fusarc Limited in the well-known processes 


Guasi-Arc - Fusore - Unionmelt - Sigma 
Helianc - Twin-Arc 


were combined on Ist October, 1955 in order to provide a 
thoroughly comprehensive and effective service to the 
welding industry. 

The headquarters of the new organisation—named 
Quasi-Arc Limited—are at Bilston, Staffordshire, with 
works at Bilston and Gateshead. 


QUASI-ARC 


offer you everything 


M Tt 8 2 


QUASI-ARC LIMITED, BILSTON, STAFFORDSHIRE 
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| 
Do you put bottles in crates? | 


or assemble refrigerators? * 


| 


or furniture?* 


or make a lot of motor cars ?* 


—Whatever your production problems are, it’s ten to 
one that MAXAM, pneumatic power and control 
equipment, could help! 


%* just a few of 
the very many 
MAXAM applications 


| 

| 
| 
| 
| 
| 
| 


MAXAM Dept., THE CLIMAX ROCK DRILL AND ENGINEERING WORKS LTD. 
4 Broad Street Place, London, E.C.2 WORKS: Carn Brea, Redruth, Cornwall. 


MAXAM 


Pm eURMATIC 


EQUIPMENT 
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PRECISION 
DRILLING 


AT 
PETER BROTHERHOOD LTD. 









Hole location to 
within 0°00! ins. 





The outstanding feature of this machine is the 
motorised quick traverse table which provides 
precision adjustment for longitudinal and trans- 
verse motions. Positioning is achieved by means 
of measuring rods in conjunction with dial 
indicator boxes. Automatic trip operated by the 
measuring rods enables the table to be quickly 
traversed to a point very close to the final index 
position, thus reducing setting time. Final adjust- 
ment is rapidly made by fire hand motion in 
conjunction with the dial indicator. 


WILLIAM ASQUITH LTD. 


HALIFAX - ENGLAND 








Sales & Service for . . . DRUMMON D-ASQUITH . . . the British Isles 


DRUMMOND-ASQUITH (SALES) LTD., KING EDWARD HOUSE, NEW ST., BIRMINGHAM 


"Phone: Midland 343! (7 lines) Also at LONDON : ’Phone Trafalgar 7224 (3 lines) and GLASGOW: ’Phone Central 3411 
All2 
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MAXIMATICS. 



















helping to break 
production records 
in the Motor Industry 


MAXIMATIC Multi-Tool Production 
Lathes are to be found in their hun- 
dreds in Britain’s automobile factories. 
The output record of the industry is 
sufficient testimony to their capacity for » 
continuous, fast, accurate production. 


MAXIMATICS are simple to operate and, in many 
cases, as in the example below, one operator 
can easily take charge of three Machines. 


BUILT BY , 


DRUMMOND BROS LTD. 


GUILDFORD - ENGLAND 


Drummond Maxima- 
tics turning crankshaft 
journals and _ pins. 
Photographs by 
courtesy of Morris 
Motors Ltd., Engines 
Factory, Coventry 


Sales and Service for... a Uh | RE, | D-ASQUITH ... the British Isles 


DRUMMOND-ASQUITH (SALES) LTD., KING EDWARD HOUSE, NEW ST., BIRMINGHAM 


‘Phone: Midland 3431 (7 Lines) Also at LONDON: ’Phone: Trafalgar 7224 (3 lines) and GLASGOW: ‘Phone Central 3411 
Anderson 











You can 


take it 
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If it is a Bantam you can carry it with 
one hand, and it will cut 2” thick steel with 

machine accuracy wherever your job may be. 
This inexpensive hand guided or track 

mounted cutter will do many of the jobs performed 
by a static cutting machine—with the same 

accuracy and on the site. All the features you need to 

do a first class job are built-in. For full details 


write to your nearest British Oxygen office. 
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PLUMMER BLOCK AND 
FLANGE UNIT 


SUITABLE FOR 1” SHAFT DIAMETER TO Ball Bearing 
6” SHAFT DIAMETER IN -L” STEPS 7 


16 


The POLLARD “SELF-LUBE” sealed bearing design offers the MAXIMUM 

duty, for the MINIMUM of attention and outlay. ’ ; ‘ ‘ 

It can be stated that 90% of bearing failures are due to the ingress of foreign S eC / f A / ] g nin ¢ | 
matter, and by reason of the great strides which have been made in the % C re 
manufacture of special lubricants, it has been possible to provide a bearing 

mounting requiring no servicing whatsoever. 

The one piece housing and solid sleeve, enables the bearing to be fitted as a " 

complete unit, thereby eliminating the hazards of an exposed bearing. Further, S eC / | S e C 7 | e d 
the improved sealing devices are of the flexible type bonded to a metal insert, _ 

ensuring long trouble free service, and are not called on to align themselves to : 

the malalignment of the bearing housing. 

This bearing unit gives a life equal to, or greater than, the standard open-type 

bearing of similar size, periodically lubricated, and is available from $ in. to 6 in. \ a / 

shaft diameter. IC 

Flange units incorporating the same advantages as outlined above are also : 

available. The drawing on the right illustrates the flange unit design. / } ee eid 1 
Catalogue SL/2/55, giving further details, is available on application to ’ U dI I C ad Ce ¢ 

Room B.2, Technical Sales Dept. 


In addition, Pollard Bearings manufacture Ball, Roller Head Office: FERRYBRIDGE, KNOTTINGLEY, YORKS 
and Thrust Bearings (Cat. BRT/\053). Solid and Telephone: KNOTTINGLEY 320 (5 lines) 
Flexible Roller Bearings (Cat. RFX). Transmission 
Equipment and Plummer Blocks (Cat. TR27/2). Loudon Office: 6 ST. JAMES'S PLACE, 8.W.1 


Automobile and Tractor Replacements (Cat. BRM/54). 


Telephone: HYDE PARK 9248/9 


Clutch Withdrawal and Water Pump Spindle Bearings CANADIAN POLLARD BEARINGS LTD., 

(Cat. CWFP/54). 1103-5 BEAVER HALL HILL, MONTREAL. 
Max-load Roller Bearings (Cat. Max/54). Telephone: UN.6-5774 

P.O. 1107 
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HELICAL GEARS 





Photograph by Courtesy of 
JOSEPH RHODES & SONS LTD, WAKEFIELD. YORKS. 


THE ‘SUNDERLAND’ SYSTEM PROVIDES 


@ EXTREME SIMPLICITY AND MATHEMATICAL ACCURACY. 
@ RAPID OUTPUT AND EXCELLENT QUALITY. 


-@ FEW CUTTERS AND GREAT RANGE AND CAPACITY. 


@ ONE CUTTER CUTS ANY NUMBER OF TEETH OF A PITCH. 
@ LOW INITIAL OUTLAY ON CUTTERS. 
@ LOW COST OF MAINTENANCE. 
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Fot Maximum Ficduction 


Fitted with 14” Air Operated 
Automatic Chuck and Air 




















= Bar Feed 
14,” dia. Steel Bar, En.8. 
Made in pairs. 
| B All Tungsten Carbide 
5 Cutting Tools 
€ 
] i 
Too! Position Spindle Surface Feed 
DESCRIPTION OF OPERATION | | Speed | Speed Cuts 
| Hex.Turret | Cross-slide R.P.M. | Ft. per Min. | | perinch 
1. Feed to Stop, Chuck and Centre . - 1 —- | — — | Hand 
2. Start Turn 3” dia. - - 1 «= _ 1020 350 | Hand 
3. Multiple Roller Turn 3’ " and J 1" dias. - | 3 ~ 1020 350 | 216 
4. Knee Turn Gear Dia. 13” - | 4 — | 2041 700 | 216 
5. Face End B and Radius Shoulders A_ - + 5 — | 2041 670 Hand 
6. Double Radius Gear C - - + — Front 2041 670 Hand 
7. Feed out for Double Length = - - - 6 _ a? a — 
8. Support and Part-offD ~~ 6 Rear 2041 | 670 Hand 
9. Re-chuck and repeat Operations 1. 2, 3, 4,5 | | | 
| i 











Floor to Floor Time 


et é. 
aoe * 
4 


23 minutes One End 
_—— 








N° 2C 
CAPSTAN 
LATHE 


RACK PINION SHAFT 





The standard No. 2C Capstan Lathe has a bar capacity of 1iin. with a swing over the bed covers of 13}in. 
Many new features are incorporated including inbuilt electrical equipment, twelve spindle speeds, both 
forward and reverse, raised centres giving an increased swing, large capacity swarf tray, bed protected 


by stainless steel covers, etc. 


OUR COMPLETE RANGE INCLUDES CAPSTAN AND 
TURRET LATHES WITH CAPACITIES UP TO 35 in. SWING 
OVER BED AND 8iin. DIAM. ROLE THROUGH SPINDLE. 


Full details on request 


H.W.WARD & CO. LTD 


SELLY OAK 
°» TELEPHONE 
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MAKERS OF PRECISION 


Economical . Sturdy 
: Flexible in loolroom 
or Production Shop 


‘ Ze BUTLER MACHINE TOOL © 
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ALIFAX — ENGLAND 


PLANERS PHONE 61641 


SHAPERS 
SLOTTERS 
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es best when 


you see it ...4 











sooner or later you buy 


HACK SAW BLADES : TOOL BITS TOOLS 
PERMANENT MAGNET CHUCKS 

MAGNETIC TOOLS & ENGINEERS’ 

HAND & PRECISION TOOLS 


Made by James Neill & Co. (Sheffield) Ltd. and obtainable from all tool distributors 
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ON MARINE WORK «i J. Stone Ltd., Deptford 


This Model S.R. 18 lathe swinging up to 374 in. dia., handles a 
wide variety of marine work at J. Stone & Co. Ltd., Deptford. 
The job in progress is an Admiralty bronze marine propeller nut 
224 in. dia., which is turned, bored and faced. 





The DENHAM range covers lathes from 16 in. to 40 in. swing. 


Copying attachments are 
available if required 





qd arHes 


DENHAMS-: ENGINEERING COL'- HALIFAX: ENGLAND 





AUSTRALIA Gibson Battle & Co. Ltd., 535, East Street, Sydney, N.S.W. NEW ZEALAND Veagie, ay 2 Sons Ltd., 276-278, Wakefield Street, 
Wellington, N.Z. 


CANADA Sykes Tool Corporation Ltd., Adelaide Buildings, 123-131 PAKISTAN Machine Tools (Pakistan) Ltd., Nadir House, McLeod Road, 
York Street, Toronto. Karachi, Pakistan. 
INDIA Machine Tools (India) Ltd., Stephen House, Dalhousie SOUTH AFRICA Forest Engineering (Pty.) Led., P.O. Box 6738, Johannesburg, 


Square, Calcutta, |. South Africa. 
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we HERBERT 


HIGH-POWER CARBIFACE 
awo CARBIFINE CUTTERS 
TIPPED wr ARDOLOY 


@ POSITIVE TOOTH LOCKING ARRANGEMENT. 
THE TEETH CANNOT MOVE EVEN UNDER THE 
MOST SEVERE CONDITIONS. 


@ TEETH WITH DIFFERENT RAKE ANGLES CAN 
BE FITTED IN THE SAME CUTTER BODY. 
UNBROKEN RING OF METAL OUTSIDE TOOTH 

HOLES. 


PROMPT 
DELIVERIES 


Xxxix 


Improved manufacturing facilities have 
reduced production costs enabling us to 
reduce prices. Thus the most efficient cutters 
of their type are available at prices com- 
petitive with other well-known makes. 














HIGH-POWER CARBIFACE. 
For use on medium to 
high-powered machines for 
machining steels, cast-iron 
and non-ferrous materials. 


Eight sizes—3” to 16” dia. 


CARBIFINE. For light cuts 
on cast-iron and non-ferrous 
materials. High degree of 
surface finish on interrupted 
surfaces. 


Ten sizes — 3” to 16” dia. 
Other types available for 


specific operations on 
various materials. 


Full details from Ardoloy Sales Department; Head Works. Phone: 88781 (Ext. 26) 


ALFRED HERBERT LTD ° COVENTRY 


When replying to advertisements please 


mention the Journal 
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There's no escaping it- 
Wrought Iron is safer 


All threats to human safety are not as clearly evident as this one. 
Many daily dangers are unseen and unsuspected—such as 
the possibility of failure by couplings, cable chains and cage 
and lifting gear. Where equipment of this kind involves the 
lives of men and women, it is safer to specify Wrought Iron. 
Wrought Iron is very tough indeed. Its shock and strain 
resistance is outstanding. Its ability to withstand rust and 
corrosion is well known. And its inherent susceptibility to 
welding is intensified by slag inclusions. These qualities add 
up to an all-round, long-term superiority to mild steel for 
many purposes, in both safety and economy—especially 
where wet or outdoor conditions are concerned. At the 
Midland Iron Works we produce Wrought Iron in strips and 
bars, and in a variety of sections, for innumerable uses. We 
will gladly send you a free copy of our Section Book, and our 
technical representative is at your service for consultation on 


Wrought Iron application. 







This nick-and-bend test piece clearly 
shows the fibrous structure of Wrought 
Iron, which gives it its high durability, 
shock-resistance and ability to absorb 
varying stresses and withstand severe 
vibrations. Wrought Iron is also 
distinguished by its ductility and 
exceptionally good machining 
properties. 


The Midland Iron Co. Ltd 


MIDLAND IRON WORKS © ROTHERHAM 
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UNBRAKO SCREWS COST LESS THAN TROUBLE 


UNBRAKO SOCKET SCREW Cee. ttD ~ COVENTRY -: ENGLAND 
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COMBINES THE |HIGHEST PRECISION ‘WITH 
ROBUST CONSTRUCTION © MAG. UP TO 1,000X 
Combining the following features: Dead centre, adjustable drive 
for zero settings, large vernier screen reading direct to 6 secs. 


(estimation 3 secs.) and conforms to N.P.L. Specification 
MOY/SCMI/56. 


MAIN DIMENSIONS 


Height of Centres...........-.seeeeees 43” = (117.5 mjm.) 
Centre Distance (on Base) _......... 24” (610 m/m.) 
Sine of Face Plates .......ccccoccocceces 73” dia. (190 m/m.) 
Size of CeNtres ...........0:ceceeceeees No. 2 Morse Taper 
da  ]  s 





PRECISION 
GRINDING, LTD. 


MILL GREEN RD., 
MITCHAM, SURREY 
*Phone : MITCHAM 3014 










A SUBSIDIARY OF GEORGE H. ALEXANDER MACHINERY LTD. 82-84 COLESHILL ST., B’HAM., ’Phone ASTON CROSS 3264 
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High and 
Mighty... 


In the high alloy content of Edgar Allen Double 
Seven die steel lies the power of this famed special 
alloy tool steel, which is regularly standing up to 
the most exacting work — runs of 2800 on silico 
manganese stock, }” and ;%,” thick, dia. -340” and 
435"! * 

For shear blades, cold press work, dies etc., Double 
Seven is unsurpassed, especially for heavy duty on 
difficult punching operations, which means a con- 
siderable saving in production time and fuel costs. 


* Impressed ? Well, how about this one? 4750 
holes between grinds &” x }§” in #%” stock of 
silico-manganese. This was for cold cropping and 
punching of bumper springs in the “as rolled” 
condition. Write for details of this and other alloy 
tool steels with the same characteristics of service 
between grinds, using the request form. 


| EDGAR ALLEN 


DOUBLE SEVEN 
DIE STEEL 


To Edgar Allen and Co. Ltd. 
Shettield 9. 
Please post “* Special Allov Tvol 
Steel’’ Booklet t 
aT ees 
Firm ee 
PIE scsctciiscericicguiee 





cetenttaonnnan vessel, 


EDGAR ALLEN & CO. LTD. 
IMPERIAL STEEL WORKS 


SHEFFIELD - 9 


PHONE : SHEFFIELD 41054 GRAMS : ALLEN SHEFFIELD 9 





When replying to advertisements please mention the Journal 
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C.1.B 


NOZZLES 


outlast them all 


Seeing is believing ! 
The photographs below 
show the results of a comparative 
test made between a Tungsten Carbide Nozzle 
and a Carbon Tetra 
Boride Nozzle 

The 3,” bore Tungsten 


used with carborundum Carbide Nozzle was 
worn to this condition 


in two weeks. 





shot at an air pressure of 
75-100 lbs per sq. inch. 








The ;” bore Carbon 
Tetra Boride Nozzle 
with tapered lead-in was 
worn to this condition 

in eight weeks. 





Glostics Ltd 


AGENTS - IMPREGNATED DIAMOND PRODUCTS LTD 


TUFFLEY CRESCENT - GLOUCESTER 


_—_—-—-_ — 
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Orders keep pouring in... 


Make a 


better mouse- 


trap and the world N 

beats a path to your door. \ 
And the saying holds good whether 
it be mousetrap or machine tool, door lock 
or duplicator, fishing reel or food mixer, printing 
plant or petrol pump. Whatever the product if it meets the 
needs of the customer and is at the right price—orders will come 

pouring in. Today the problem is how to keep pace with demand. 
Certainly it applies in our case. In order to satisfy demands from new 
customers we have undertaken a major development programme. The 


installation of a considerable amount of plant is now complete, enabling 


XLV 






us once again to turn our attention to enquiries from new customers. Wayne Tank and Pump Co., Ltd., 





are old friends of ours. We illus- 
trate a few of the more recent 
castings made by us for their 


latest model. 
aap \ TIED Zine 
Me cencenen ees Te me maa ¥ oO 
( 
Zz A 
12 caste®” 


THE WOLVERHAMPTON DIE CASTING COMPANY LIMITED 


GRAISELEY HILL WORKS 


- WOLVERHAMPTON - TELEPHONE 23831/6 
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Better Lighting— 


Better Production 


What is the lighting in your factory like? 
Have yourecentlychecked the lighting level 
round the works with a light meter ? 

The right lighting has a significant effect 
on the speed and accuracy of production. 
When its strength, position and type is 
suitable for each job the craftsman can 
give full play to his skill, and the works 
engineer can do full justice to his shop. 

Good lighting is only one of the many 
ways in which electricity is playing a vital 
part in the drive for higher productivity. 


Electricity for Productivity 


Ask your ELECTRICITY BOARD for advice and 
information, or get in touch with E.D.A. They can 
lend you, without charge, films about the uses of 
electricity in industry. E.D.A. are also publishing a 
series of books on Electricity and Productivity. Titles 
now available are: Electric Motors and Controls, 
Higher Production, Lighting in Industry, Materials 
Handling, and Resistance Heating. Price 8/3, or 9/- 
post free. 


issued by the 
British Electrical Development Association 
2 Savoy Hill, London, W.C.2 
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The leading manufacturers of spark machining equipment 
in the world, have pleasure in announcing their latest 


SPARCATRON Mk. II Model 


With double head. 


This addition to the Sparcatron range of machines for 
spark machining has been produced as the result of 
requests for an equipment for use with large section 
electrodes to be operated to very close limits, and can 
be supplied with two heads as illustrated, or with a 
single head. 


The twin head model can be easily worked by one 
operator, and the heads operated separately, so that 
production per man hour is doubled. 


A further two or more heads may be used in conjunc- 
tion with the main control unit in some circumstances. 


Manufactured by: 


IMPREGNATED DIAMOND PRODUCTS LTD., GLOUCESTER, ENGLAND 
TELEPHONE 21164 (3 LINES) | TELEGRAMS IMPREG GLOUCESTER 


of Production Engineers Journal 


For 
production of 
all types of 
dies and 
form tools. 
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Precision Automatic Model 1.h. 


FOR RAPID PRODUCTION AND 
CLOSE ACCURACY 


Largest dia. of component (Brass) . . 275" 
Largest dia. of component (Steel) .. 236" 
Maximum length of component .. = 2.952” 


Spindle speeds .. .. 1980—6000 R.P.M. 





Precision Gear Hobbing Machine Model W.1. 


MODERN DESIGN - EASY SETTING 
PRECISION WITH EFFICIENCY... 


Maximum gear dia. co ee «(oe |= S480" 
Maximum face width ihe ee Y 
Maximum pitch module .. .. .. 8 





8 cutter spindle speeds from 500—2500 R.P.M. 





Precision Automatic Model G.12. 


VERSATILE IN USE - SIMPLE IN ease 
SETTING - ELECTRICAL CONTROL 


Largest dia. of component, round 12.7 m/m. 







Maximum length of component 140 m/m. 


Working spindle speeds 1000—8000 R.P.M. 








i Mi otemme ted trey te\ E-Vel ob batons hole) um Orey Ltd 


CUNARD WORKS, CHASE ROAD, NORTH ACTON, LONDON, N.wW.10 


Telephone Elgar 4000 (10 lines) Telegrams: Selsomachi, Londor 


When replying to advertisements please mention the Journal 
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Do not disturb 


Can two hands do the work of four —- or six — or more? Does increased production 
necessarily require more man-power? 

Can life be made more attractive and easy for my present operators? 

These are questions often asked by harassed production executives in practically 
every industry, and the lucky ones find the answers they want in Enots several 
booklets explaining in fullest detail the advantages of controlled air power in the 
factory. 

Automate with Enots and Britizh Bellows Pneumatic Equipment NOW! Our tech- 
nical representatives are ready to advise you on your particular problems — and 
without the slightest obligation of course. 


Two short films “Production Miracles’’ and “Operation Push Button'’ produced by the 
Bellows Corporation of Akron, Ohio, U.S.A., and illustrating the application of pneumatic 
devices as aids to increased production and efficiency, are available for exhibition on 
application to Benton and Stone Limited. 
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PNEUMATIC EQUIPMENT 


BENTON & STONE LTD., ASTON BROOK ST., BIRMINGHAM 6, ENGLAND 


See our Exhibits at The International Machine Tool Exhibition 1956 


June 22-July 6, Olympia, London 
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§ | SMOKE SAMPLER 
ASVASS = = 











STEAM OR AIR LINE 
TO ASPIRATOR 





VOLTAGE 
REGULATOR 











SIGNAL 
LAMPS 


MICROMAX 
INDICATING RECORDER 
ROUND CHART (MODEL &) SHOWN, 

STRIP Chart (MODEL S)MAY BE USED 





Smog! 
Leeds Northrup 
Smoke Density Recorder 


Drastic reduction and eventual elimination of 
the emission of smoke into atmosphere is a vital 
necessity. It is a menace to health, and econom- 
ically, a sign of poor combustion and therefore 
waste. Leeds Northrup Smoke Recorder equip- 
ment is inserted in one side of the stack only. 
Smoke is drawn in through the outer arms of 
the sampling unit and flows out through the 
central arm clear of lens and thermopile unit. 
Radiation from the lamp, which is fed from a 
constant voltage unit, falls on the thermopile, 
the amount of illumination varying according 
to the density of smoke passing through the 
sampling unit. Thermopile output—the measure 
of smoke density—is fed to a potentiometric 


recorder. 


See Smoke before it leaves the Stack 


Send for a descriptive leaflet to Dept., P.N. 


INTEGRA, LEEDS 


183, BROAD STREET, 
Telephone: MIDLAND 1453/4 





When 








replying to advertisements 





& NORTHRUP LTD. 


BIRMINGHAM, |5 
Telegrams : FLOMETER, BIRMINGHAM 





please mention the Journal 
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TOOLS 








cut, drill 





CERAMICS, TUNGSTEN CARBIDE, GLASS, QUARTZ, STONE, GRANITE 


MINERALS, SLATE, SHELL, REFRACTORIES AND ALL HARD METALS 


IMPREGNATED DIAMOND PRODUCTS LTD-GLOUCESTER 





Telephone 21164 -Telegrams-Impreg-Gloucester. 





eee. 


or 





—- 


a 


~_ 





alien ae 


The Institution of Production Engineers Journal 








A fine new . 
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/ LIEBHERR / 


This Liebherr Gear-hobber is new to this Country bui is 
well known on the Continent. Its design is based on long 
experience, but with today’s requirements and modern 
G & A R developments given the precedence they deserve. 
Running is smooth, cuts are clean, indexing accuracy is 
extremely high and the machines can be used for climb or 
H 0 3 3 i N G conventional hobbing. Further features include infinitely 
variable main drive and feed drive, compact hob head 
and index worm drive with a special gearing supplied as 
M A C H i N bE 4 standard with a single-start worm. 
4 machines are available, maximum diameters hobbed, 
without back stop, being 23}”, 32”, 71” and 118” — with 
back stop, 233”, 193” 333” and 47”. 
All models are push-button controlled. 


SIDNEY JONES SOLE AGENTS IN THE BRITISH ISLES 


StIONEY G. SONES LTO - 8 BALHAM HILL - LONDON « S.W.t2 
BATTERSEA S246 











When replying to advertisements please mention the Journal 
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the smoker’s 
diamond 


One of the earliest production uses of shaped diamond 
cutting tools was developed in the French Briar Pipe 
manufacturing industry. In order to provide an air- 
tight fit between the vulcanite mouth-piece and the 
briar bowl stem, Diatipt “ Trapping ” Tools are still 


used to finish machine the spigot of the vulcanite 





component. 





VAN MOPPES & SONS (DIAMOND TOOLS) LTD 
BASINGSTOKE - HAMPSHIRE - ENGLAND 











Telephone : Basingstoke 1240 Telegrams: Diatipt Basingstoke 


TRADE MARKS - DIATRU - DIANYF + DIATUF - DIATIPT - DIADUST - DIAFORM . DIADEX - DIATHREAD - DIATORC 
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Hats\off to 
structural plastics 

































the new 


j lightweight 

' material 

| that is making Already well known for their more spectacular applications, such 
| such - id as moulded boat hulls and motor car bodies, structural plastics 


headway 


offer unending economic possibilities for light, strong 


products of modest dimensions. Protective headgear, for 


instance, and many items of service or personal equipment 
made from structural plastics would be essentially light and 
yet have specific strengths comparable with steel. In these, 
as in structural engineering applications, wherever weight/strength 


problems arise or high resistance to corrosion is a prime requirement, 


structural mouldings may well provide the answer. Why not get in touch with B.I.P., 





the polyester resin people— perhaps they can help take weight off your mind! 


Consult What are 
| vinsind structural 
Services 


plastics? 


Structural plastics consist of a reinforcing agent, 
such as glass fibre, bonded with a synthetic resin, 
most commonly a polyester type resin. 
Polyester/glass fibre mouldings can be made either mechanically 
or by hand fabrication and their essential characteristics are. . . 
Lightness combined with strength— specific strengths comparable 
with steel. 

High resistance to corrosion by a wide range of chemicals, 

including some acids, and to all but excessive heat. 

Excellent electrical properties— high breakdown and low power factor, 
combined with good insulating and non-tracking properties. 

Unlimited colour possibilities —in opaque or translucent shades. 






\ B.1.P.— makers of the 
highest quality polyester 
resins — gladly offer the 
full resources of their 

j Research, Development 

and Design Services to 

manufacturers interested 
in the potentialities of 
structural plastics. 


tebe 


Bei-P/Chemicals Ltd Oldbury, Birmingham - Telephone : Broadwell 2061 


LONDON: 1 Argyll Street, London, W.1 * Telephone: Gerrard 7971 













MANCHESTER: 79 Mosley Street, Manchester 2 + Telephone: Central 9014 








When replying to advertisements please mention the Journal 
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yo 
JIGS - FIXTURES & GAUGES 


PRESS TOOLS - MOULDS AND 
SPEGIAL PURPOSE MACHINES 


Our commitments are heavy but we welcome an 
opportunity to study your requirements for 
inclusion in our production programme where 
possible. 





























Up-to-date shops specially laid out and equipped 
for making, on a production basis, every type of 
precision ground gauges; limit snap, form, calliper, 
taper and special purpose gauge, as well as jigs and 
fixtures of all kinds, press tools moulds and special 
purpose machines. Highest class workmanship 
and accuracy guaranteed. 











Guaranteed 
Precision 
Accuracy 
























































G.P.A. TOOLS & GAUGES co D 
HARPER ROAD . WYTHENSHAWE . MANCHESTER 


Phone:- WYTHENSHAWE 2215 Grams: PNEUTOOLS, PHONE 
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VERTICAL MILLING MACHINE 


with combined sliding and swivelling head... 


This massive, powerful and versatile machine, with its sliding and swivel- 
ling head, makes light of heavy duty die and tool work at the Enfield 
Cycle Co., Ltd., Redditch. Table has reversible automatic feeds and quick- 
power traverse in all three directions. Speeds and feeds changed from 
front of machine. Direct reading dials. Twelve speeds from 29/520 
r.p.m., or alternatively 36/638 r.p.m. Twelve feeds, Zin. to 20in. per 
minute. Quick and fine hand adjustment to spindle, which swivels through 
90°. Table working surface 53in. x I44in. 


JAMES ARCHDALE & CO. LTD. BIRMINGHAM, 16 
SOLE SELLING AGENTS: ALFRED HERBERT LTD., COVENTRY 
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Pallet 
Conveyors 


Portable Conveyor 


Complete Telpher 
Installations 


Something 
tats worth 
knowing 


Paterson Hughes Mech- 
anical Handling Systems 
are used in almost every 
industry in the world. 


Sand Conditioning Plant 


Overhead Chain Conveyors 





LONDON * BEDFORD HOUSE, BEDFORD ST., STRAND, LONDON, W.C.2 Phone TEMPLE BAR 7274-6 
BIRMINGHAM * 3 HIGHFIELD ROAD, EDGBASTON, BIRMINGHAM 15 - Phone EDGBASTON 2957-8 


JATERSON HUGHEQ 


INGINEFRING COMPANY LIMITED 1 GLASGOW * WYNDFORD WORKS, MARYHILL, GLASGOW - Phone MARYHILL 2172-4 





SOUTH AFRICA * PATERSON HUGHES ENGINEERING S.A. (Pty) Ltd., P.O. Box 811 JOHANNESBURG, S.A 


MECHANICAL HANDLING ENGINEERS AND CRANE MAKERS 
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MILLING CUTTERS 


An extremely wide range. H.S.S. (and 
Cast, at lower cost). All the most gener- 
ally used sizes and types. Super-cut, for 
heavy-duty: milling, have specially de- 
signed teeth for extra strength. Form 
relieved and special cutters supplied. 


TWIST DRILLS 


Specially treated for long-life. Materials 
of only the highest grade are used in their 
manufacture. B.S.A. drills definitely re- 
duce hole costs. H.S.S., Carbon steel, 
and special types for various materials. 


REAMERS 


All standard types and sizes available in 
H.S.S., including counterbores, adjust- 
able reamers, shell reamers and arbors. 
Specialities includeaSuper-finish reamer 
for heat-treated steels, and a combined 
drill-reamer—a real time saver. 


TAPS 


A complete coverage of standard H.S.S. 
ground thread, and carbon steel cut- 
thread and ground-thread. Sizes and 
types outside the usual range can be sup- 
plied, including taps with spiral points 
or spiral flutes, at special prices. 


TAP WRENCHES 


These are of the adjustable type, Nos. |! 
to 4, covering taps from ,kin. to I}in. 
and Services type B.B.: gin. to lin.,C.C.: 

jin. to Zin. Carefully treated, well fin- 
ished, extremely durable. 


SCREWING DIES 


Carbon steel, circular adjustable type: 
plain, parallel and taper, for British and 
American threads and Metric sizes. Also 
a complete range of carbon steel hexa- 
gon die nuts. Of consistent quality and 
uniformity. 






igh pe tools for all classes of work 


i fal ff DIE STOCKS 


For circular dies from in. to 2}in. dia. 
Made to the same high standards as other 
items in the B.S.A. range of screwing 
equipment. Also screwing sets, thread 
rolling dies, tap extractors and— 





















N 


DIEHEADS 


B.S.A. NAMCO—simple in construc- 
tion, easy to adjust. Circular chasers en- 
sure extreme accuracy of thread form 
and long life. They can be ground and 
re-ground through a full 270 degrees of 
their circumference. 


BROACHES 


Scientifically processed for extra per- 
formance. B.S.A. Tools’ Broach Division 
has the capacity and ability for design- 
ing and manufacturing every size and 
type of broach, each ‘to the highest 
standards of precision and endurance. 








DRILL HOLDER & SETTING GAUGE 


For accurate drilling to pre-set depths. Safe and simple to use. Accommo- 

dates any size of drill, reamer or tool with a standard M.T. shank. The dis- 

tance between the drill point and the lower face of the bush (which is 

screwed along the body then locked in position) establishes the required 

depth. A setting gauge i is supplied to facilitate quick and accurate setting, 
7. 


PORTABLE 
HARDNESS TESTER 


A lightweight, accurate, universal, direct- 
reading hardness tester. V.P.N., Brinell 
and Rockwell ‘C’ hardness values (B.S.I. 
860) are marked in contrasting colours on 
its large easily-read dial. Pressure on the 
grip lowers the diamond indentor to the 
~ test piece. Further pressure causes the 
™~ hardness value to be registered. Penetra- 
™ tion in soft metal is only 0.005in. Supplied 
in a handsome case complete with ser- 
vicing kit. 





ALSO SCREWING SETS - DRILL CHUCKS - MACHINE VICES - MILLING MACHINE ARBORS - OIL & SUDS PUMPS - LIMIT SWITCHES 
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B.S.A. TOOLS LTD., BIRMINGHAM, ENGLAND 


Sole Agents Great Britain: 


BURTON GRIFFITHS & COMPANY LIMITED 
Small Tools Division: Montgomery Street, Birmingham, |!. Tel; VICTORIA 2351 (9 lines) 
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-constant torque 


Constant and full load starting torque is only one of the 
features of this outstanding hydraulic motor. It introduces 
high efficiency at low speeds and maintains it throughout 
the range, and provides exceptionally smooth transmission 
of power for a widely varied number of applications. 
Capable of rotation in both directions. 

The smooth and vibrationless operation of the Motor is 
also a feature of the Deri-Sine Hydraulic Pump, a rotary 
displacement pump of high volumetric efficiency, which is 
essential to the power circuit. 


for efficiency fit a 





An output of up to 4,000 Ib./in. torque is available in a 
range of four basic sizes which incorporate variations in 
stator and rotor dimensions. 










Va.ves.— Mono-Radial Control 
Valves—built with precision and 
virtually foolproof —are arranged 
for one or more hydraulic supplies 
under manual, remote, or power 
operation. 











FRASER DERI-SINE Hydraulic Motor 


ANDREW FRASER & CO LTD 29 BUCKINGHAM GATE LONDON SW1 PHONE VICTORIA 6736-9 
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YOU INCREASE 
THE PRESSURE TO 
SUIT THE SECTION 














AR 
: ag 
IwiC 


HYDRAULIC CONTROL 
SAWING MACHINE 


WILL DO FOR YOU WITH BLADES 
OF ONE PITCH OF TOOTH 


The blade commences and finishes each cutting stroke 
with no pressure whatsoever. What a saving in blades! 


FAMOUS FOR SPEED, ACCURACY AND RELIABILITY 
SEND FOR DETAILS TO : 


CHARLES WICKSTEED & CO. (1920) LTD. + STAMFORD 





Lxi 











Models; for capacities 6” x 6” to 12” x 12” 


ROAD WORKS, KETTERING TEL.: 3113-4 
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xv) ID 
CYLINDRICAL GRINDER 


The MG.12 will repeat with accuracy, and is 
the World’s finest value. Specification includes a twelve 
speed Workhead, a cartridge type wheel spindle unit with 
nitrided spindle, and many other desirable features. Its 
capacity is 3” X 12” and it is equally suitable for Toolroom 
Grinding or Production Work, as basic equipment or as 
an auxiliary to larger machines. 


AGad fot clef -NWOW! 


MYFORD ENGINEERING CO. LTD. 
BEESTON NOTTINGHAM 
TELEPHONE BEESTON 25-4222 (3 LINES) 

















It must be... 


Durachrome treatment gives a surface of 
exceptional hardness (910/930 Vickers Dia- 
mond) which resists abrasion and corrosion. 
Cylinders, shafts, rams and all heavy duty 
components have a greatly increased life by 
Durachrome application of hard chromium. 
One part or production quantities can be 
treated. 


4% 














Estimates and full particulars from 


171-177, ILDERTON RD.. LONDON, S.E.I6. 
Telephone: BERMONDSEY 2883-2884 


CHROMIUM 
SPECIALISTS 


(REGISTERED TRADE MARK) 
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| (Gly. INTERNATIONAL 
ey MACHINE TOOL 
B EXHIBITION 1956 







a 


June 22-July 6 
Olympia - London 















Model UA. for components | 
from 2.2 Ibs. to 22,000 Ibs. 
I 





Model DU 
ponents from 0:08 Ibs. to 
11 Ibs. 


DY NG 
pYNAME BALA NCING 


for com- 








Model UA. 10 and 30 for com- 
ponents from 0.22 Ibs. to 66 Ibs. 


| 

i 

l 

l 

I 

| 

| 

1 

| On Losenhausenwerk equipment the correction of 

| unbalance in rotating parts is a precise yet simple 

| operation. Single components or batch quantities can 

be examined without trial runs, with extremely high 

| indicating sensitivity over a large measuring range. 

I The principle of dynamic balancing is employed for 

| cylindrical parts, where correction is normally required 

\ in two planes. 

Static balancing is applied to disc 

l components of thin section where 

| correction is required in only one 

1 plane. 

The range of Losenhausenwerk 

balancing equipment comprises 

self-contained machines for both 

purposes, any of which can be . a. 
, Static Balancing Machine, Disc- 

operated by unskilled attendants. type se 





Vertical Single Plane Balancing 
Machine, Type SAE.40, and 
Drilling Attachment. 











LD LIKE ADVICE ON 
BALANCING JOB. 
OMPONENT DRAW- 
EXAMINATION 


ip YoU WOU 
your NEXT 


SEND US A © 
ING FOR 








yes 
wiecK M AN - EL | Mm | T E D 


FACTORED MACHINE DIVISION, FLETCHAMSTEAD HIGHWAY, COVENTRY 


Telephone ; Coventry 10351 





397 «FBS 
When replying to advertisements please mention the Journal 








' 


A 





it’s easy to tell a Bedford File. It feels good, balances 
in your hand like a well-flighted dart, and gets through the 


work in no time. Once you've used one you'll see what we mean. 


if it's a good file 
its a 


BEDFORD 


JOHW REDFORD & SONS LTD.. LION WORKS. SHEFFIELD 
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Electronic 


Accountancy 
WITH THE 


E(LIOTT 


405 


PRODUCTION PLANNING: stock control: 





statistical analysis: these are typical of the routine 
jobs which the Elliott 405 Unit-construction 
Electronic Computing System—the first system of its 
kind in Britain—carries out automatically, at very 
high speed, with great advantage to management in 


the provision of up-to-date information. 


This system is extremely flexible, the units being 
chosen to meet the requirements of individual users. 
For example, output can be on punched cards, 
teleprinter, electric typewriter, magnetic film or tape, 


or line-at-a-time printer. 


The electronic computing staff of Elliott Brothers 
(London) Ltd. will be very pleased to explain to you 


the applications of the system to your particular needs. 


ELLIOTT BROTHERS (LONDON) LTD., ELECTRONIC COM! UTING DIVISION, 
ELSTREE WAY, BOREHAMWOOD, HERTS. Telephone: ELSTREE 20.0 
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for economy, accuracy, reliability 


Model ‘85’ 
8: centre lathe 








Model “70° junior 
7 centre lathe 





WOODHOUSE & MITGHELL | waxerteto roa srichouse 


PHONE BRIGHOUSE 627 (3 LINES) GRAMS “WOODHOUSE, BRIGHOUSE” 
PROPRIETORS: THOS. W. WARD LIMITED 


WMG. 
When replying to advertisements please mention the Journal 
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Here is the simple answer to your part numbering 
problems —a precision set of hardened steel type 
enabling you to make up any combination of letters 
and figures. 

Pryor Interchangeable steel type is made in seven 
sizes 1/32”, 1/16”, 3/32”, 1/8”, 3/16”, 1/4”, 3/8’’ and 
is available from stock as a complete fount (as 
illustrated) or as individual pieces and holders for 
hand or machine use. 


EDWARD PRYOR & SON LTD 


BROOM STREET - SHEFFIELD - ENGLAND 
PHONE SHEFFIELD 2316! (5 lines) 


Wuite for our now fee dacuptina loaflot 














INDUSTRIAL CLEANING MACHINES 


can be designed to meet your 


Srave 


HERE ARE THREE particular cleaning problems 
EXAMPLES 








This illustration shows a machine A powcr driven conveyor system is Trays carrying the work are pushed 
cleaning crank cases in the production employed with this cleaning machine through on a roller conveyor by hand 
line. It is equally capable of cleaning for ball bearings. in this cleaning installation. 

small parts in baskets. 











Whilst offering a very wide variety of standard cleaning ensures maximum efficiency and economy of the plant 
equipment, it is BRATBY policy, wherever possible to in operation. The illustrations show but a few of the 
design the machine to meet the particular cleaning specific types of Cleaning Machines designed by 


problem. Careful study of each individual problem BRATBY for individual needs. 
Designed and Manufactured by: 


BRATBY & HINCHLIFFE LTD. SANDFORD ST - ANCOATS - MANCHESTER 4 
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At the International Harvester 
Company of Great Britain, Don- 
caster, one of many jobs on which 
GALTONA O-K serrated blade 
cutters show to advantage is the 
milling of main frames. 


Three cutters of [8in., Yin. and 4in. 
diameter respectively, are in simulta- 
neous operation. All the cutters have 
inserted carbide tipped blades and 
high rates of output are continuously 
maintained. 


If you mill cast iron, steel, light alloys or 
non-ferrous metals, there are cutters in 
the GALTONA range to ensure high 
output combined with the best possible 
finish. Write for catalogue. 


INTERNATIONAL 
HARVESTERS 


SPEED PRODUCTION 
ON MAIN FRAMES 
WITH.... . 


STEELHOUSE WORKS - OLIVER STREET - BIRMINGHAM 7 


telephone: Aston Cross 300! (:2umes) “Yelegrams: Cogs. Birmingham : 


NORTHERN AREA OFFICE: A. V. Green, Britannia House, Wellington Street, Leeds, |. Phone: Leeds 21212 
LONDON AREA OFFICE : A. J. Percy, 240 Romford Road, Forest Gate, London, E.7. Phone: MARyland 2564 
N. IRELAND Garage & Engineering Supplies Ltd., 78 Great Victoria Street, Belfast 

SCOTLAND Stuart & Houston, 5 York Street, Glasgow, C.2. 


When replying to advertisements please mention the Journal 
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The game of golf and the business of barrel 
finishing have this important thing in common. There’s 
a world of difference between a top-flight golfer and one who 
is not so good and the same thing applies to barrel finishing. In both 
cases it’s the motion that makes the difference. 
The Polymotion machine employs the unique “figure-of-eight” rolling and 
churning motion entirely different from that of any other barrelling machine. 
It does a better job more quickly and certainly with far less risk of damage to parts. 
Learn more about this modern application of barrel finishing for deburring, 
de-flashing, polishing and surface finishing. Send for your copy of our interesting 
publication “‘ The Polymotion Machine,” which tells you all about the advanced 
Polymotion Methods and their uses in industry. 


Polymotion 


BARREL FINISHING MACHINES 














} 


SEND SAMPLES 

of your products, together 
with a finished article for 
guidance, to the Polymotion 
research and experimental 
department. We will process 
them and report on their suit- 
ability for barrel finishing. 
We also offer a trade barrel 
finishing service. 





Scottish 

Representative 
Angus and Crichton (Sales) Ltd., 
203, West George Street, Glasgow, C.2. 


FOX CHEMICAL ENGINEERING WORKS LTD 


Maybury Gardens, Willesden High Road, Willesden, N.W.10. WILLESDEN 6201 





TWe Purchasing Officer says.......... 


FLETCHER 
MILLER 


CUTTING FLUIDS 


represewL govd value — our 
covlawt costs per 1000 parts 
are really low. 





Publications $.P.187 and S.P.152 describes the entire range of Fletcher aoa, 
Miller cutting fluids. May we send you a copy? 


FLETCHER MILLER LTD . ALMA MILLS . HYDE ° CHESHIRE 


Telephone : Hyde 78! (5 lines) Telegrams : Emulsion, Hyde 











CF9I 





$$ > ee — 
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are in widespread use for testing all kinds 
of prime movers. They operate upon the 
Eddy-Current principle and with the elec- 
tronic control normally employed, very 
desirable torque-speed characteristics are 
provided. 


HEENAN & FROUDE LTD - WORCESTER - ENGLAND 
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PRESS TOOLS 
SPECIAL TOOLS 
PLASTIC MOULDS 
DIE-CASTING TOOLS 


UNIVERSAL TOOLS LTD 


TRAMWAY PATH, MITCHAM, SURREY MiITcham 6111 


& 









A new HIGH SPEED 
milling technique for 


High speed milling as 
developed by Wadkin 
in this new range of 
machines has shown 
revolutionary production 
economies. With one basic machine of plain, robust and inexpensive design 
there are three alternative head arrangements each offering cutting speeds far 
higher than orthodox millers, permitting feeds as high as 84 ins. per minute. 
If you are milling or profiling non-ferrous castings, forgings, plates or sheets it will 
pay you to see the amazing rate of metal removed and finish obtained on this 
machine. May we arrange a demonstration preferably on your own components ? 


Wadkin Ltd., Green Lane Works, Leicester. London Office : 62-64 Brook Street, W.1. 
of 9,000, 12,000 or 18,000 r.p.m. Alter- 


Telephone: Leicester 67114 
native heads provide speed ranges of 


1,000 to 6,000 or 625 to 4,000 r.p.m. Specialists in machines for non-ferrous metals 





Telephone: MAY fair 7048-9 


This Router head provides spindle speeds 
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They add 











ELECTRO-MECHANICAL 
UNIT HEADS 


TIME SAVING 


Sentinel-Renault Unit Heads save time by permitting a 
number of operations to be carried out simultaneously 
without unloading; and by instituting a continuous 
work flow. 


Sentinef 


Sentinel-Renault Heads are economical because wear 
and tear of tools is reduced to a minimum. 
(SHREWSBURY) Ltd 
SHREWSBUR Y 


Telephone: Shrewsbury 2011 Grams: Sentnoll Shrewsbury 


SAFE OPERATION 

Sentinel-Renault Heads are automatically controlled. 
Once set, the machines function with the minimum of 
unskilled attention. 


MAXIMUM FLEXIBILITY 
Sentinel-Renault Heads are readily adaptable. Units 
can be assembled and re-assembled in any position — 
horizontal, vertical or at an angle—on simple base 
frames. 


es A METAL INDUSTRIES GROUP COMPANY St ESE 
SS17/P1898 
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“ Newallastic” bolts and studs 
have qualities which are abso- 
lutely unique. They have been 
tested by every known device, 
and have been proved to be 
stronger and more _ resistant 
to fatigue than bolts or studs 
made by the usual method 


POSSILPARKR GLASGOW: N 

















24°p-) RE 





The Russell Hydrofeed range 
includes : 


¢ Straight and angular cutting 

models ¢ Automatics ¢ Verticals 

e Special Billet cutting models 
Patented Features : 


@ Interlocking Vices — for easier 
setting ¢ Hydraulic Circuit — 
for efficient cutting 


S. RUSSELL & SONS LIMITED 
LEICESTER, ENGLAND 


Backed by over 40 years’ specialised experience 















“ SAW 


SHARPENING 
MACHINE 


Capacity 
Hl” to 48° blades 


‘HYDROFEED’ 
COLD SAWING 
MACHINE 


futermatic 


bar feed 








- 
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JOHN LUND 


LID - GROSS HILLS - 
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This PRECIMAX Model FB2 fine 
boring machines, installed at 
Vauxhall Motors Ltd., Luton, is 
specially tooled for finishing the 
large and small ends of two 
connecting rods simultaneously. 
Operation is continuous, one 
bank of four spindles boring 
while the other station is loaded. 
Air clamping is an additional aid 
to speedy production. 


KEIGHLEY - YORKS 


























FOR HIGH-SPEED- 
DRILLING 


PERMANENT 
CONCENTRICITY 


MINIMUM WEAR 
ON WORKING PARTS 


ai 


ARCHER) 
SMALL- TOOLS 












MARVEL 


KEYLESS DRILL CHUCK 
Jaws and internal mechanism 
fully protected by hardened 
external casing. Self-tightening 
grip—cannot slip. Easy hand 
release of drills. 





ARCHER 
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KEYLESS DRILL CHUCK 
With tapered nose for small 
size drills. Perfectly balanced 
for precision drilling. 


te ASK FOR LIST No. 5H/120 





7 


QUICK CHANGE DRILL CHUCK 
Enables tools to be changed with one 
hand only whil: machine is running. 
Positive drive to collet. Slipping is 
impossible. Designed for speed, high- 
power feed and concentricity. 


FRANK GUYLEE & SON Lop. arcter toot works - MILLHOUSES - SHEFFIELD 8 

















WHEN YOU ARE WANTING NEW 


AIR COMPRESSORS 


DO NOT FORGET THAT WE HAVE 
A COMPLETE RANGE TO SUIT ALL DUTIES 





Whatever it isyou need—large or small capacity— 
high or low pressure—we can supply the best 
machine for the purpose, and our fifty years 
of specialised experience are at your service. 


REAVELL & CO. Lto. 


IPSWICH 


Telegrams: Reavell, Ipswich 





Telephone Nos.: 2124-5 




















~ 
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rT ie 
bog 


12’x 12’ x 8’6” Airless Blast 
Cleaning Room with 

3 Centriblast Impellers and 
Compressed Air 
“Spotting” Equipment. 
The 10’ dia. Power 
Traversed Bogie carries a 
10 ton load to the 
Power Rotated Floor. 








The Power Operated 
Rise-and—Fall Door 
together with Bogie 
Traverse, Impellers, Shot 
Return and Reclaim 
System are sequence 
controlled by the ‘Push 
Button’’ Starter Panel. 
Dust Control by 
“Spenstead” Rigid Screen 
Filter and Clean Air Fan 
complete 





A FIRST-CLASS INSTALLATION 
SPENCER AND HALSTEAD LIMITED 


BRIDGE WORKS OSSET YORKSHIRE Telephone: OSSETT 821/4 (4 LINES) 
We are LONDON: EPSOM 220! BIRMINGHAM: EDGBASTON 1539 
not far away GLASGOW: CENTRAL 5909 : MANCHESTER: DENTON 2934 





P.1646 
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PAYING FOR 


Time, directly or indirectly, is cost. If records 
of occupied time are not accurately kept the 


Firm concerned may well be paying for time 

















it does not get. The systematic analysis of 
working time is a first step to increased production and lower costs. 
The GLEDHILL-BROOK Time Recorder controls the use of time; it provides an 
indisputable record of attendances, time on a job, overtime and other figures 


essential to accurate costing and the economic employment of labour. 





GLEDHILL-BROOK 





Write for full details and 
illustrated leaflet to: 


GLEDHILL-BROOK TIME RECORDERS LIMITED 
20, EMPIRE WORKS, HUDDERSFIELD. 














The most practical plant 


for Gleaning METAL PARTS 


PRIOR TO ASSEMBLY, and BEFORE and AFTER REPAIRS 
















A ‘ Junior’ 
Motor Car 


Dawson 


DE - GREASING 
MACHINES 


yee machine supplied to a Midlands 
orks 





A Rotary Drum machine for removing swarf and 
grease from small components. 





Supplied for the washing and drying of Tractor A model ‘A’ machine, = parts of motor 
parts. Crank Shafts, Sumps, Pressings, etc. car engines prior to assembi 


Dawson Metal Parts cleaning machines are supplied for all branches of the engineer- 
ing industry. Their chief characteristics are robustness of design, small number of 
working parts and simplicity of operation. Space only permits the illustration of four 
of the many types of machines built for quick economical washing and drying of 
Metal Parts. 
Sole Distributors 
DRUMMOND - ASQUITH (Sales) LTD., King Edward House, New St., Birmingham 
Telephone—Midland 343! 
Manufactvrers—DAWSON BROS. LTD., Gomersal, LEEDS London Works—406 Roding Lane South, Wood- 
Tel.—Cieckheaton | 080 (5 lines) ford Green, Essex. Te'.— Wanstead 7777 (4 lines) 
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MIKROKATOR 


The most sensitive mechanical 


comparator made 


Amplifications to 5000:1 achieved through the unique 


CEJ “twisted-strip” device, giving a completely 


frictionless movement. 


This enables extremely fine 


measurements to be obtained to within very close 


limits of accuracy. 


CEJ PRODUCTS 


Ground Thread Taps 
Screw Plug Gauges 
Screw Ring Gauges 


Circular Chasers 
and Holders 
Round Dies 


Thread Milling Hobs 
Thread Rolling Dies 
Plain Plug Gauges 
Micro Snap Gauges 
Surface Finish Indicators 
Micrometers 

Bore Gauges 





A.1.D. AND A.P.1. APPROVED 
SOUTHFIELDS ROAD, DUNSTABLE, BEDS - TEL: DUNSTABLE 422/35 


Deltameters 
(Automatic Sizers) 


Drill Chucks 
Gauge Blocks 


Dynamometers 

Extensometers 

Plain and Screw Snap 
Gauges 


Plain Ring Gauges 
Gronkvist Drill Chucks 
Metron Dial Gauges 
Tapping Attachments 


Multiple Interference 
Microscopes 


LXXVIi 





Mikrokator 
simultaneously checking 
the O.D. track and 
concentricity of a ball-race 
outer casing. 





OHB 2362 
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KORRAD| & Fine Machine 



















-UW002- ; 
MILLING MACHINE 


A precision-built machine for the most exacting 
requirements — Angular, vertical, plain and spiral 
milling, boring, reaming and slotting. All gears 
ground; hardened and ground lead screws. Spindle 
mounted on roller bearings and all intermediate 
shafts on ball bearings or needle rollers. 


34 Spindle speeds 35-1550 R.P.M. 
Table 35.4” x 11” 18 Power Feeds 0.2” to 10.6” per min. 
Lead screws and dial-English Readinge 


@ Full particulars on request. 
SOLE AGENTS 


MACHINE TOOL CORPORATION LIMITED 





LONDON: W°I1E PHONE PARK 9451/2 | 


Rainbow 


103 LANCASTER ROAD-LADBROKE GROVE: 







































































































































































‘. For accuracy and long life 


The patent Horstmann Caliper Gauge 
Model 52 is particularly suitable for 
shouldered work. Both “GO” and “NO 
GO” jaws are capable of adjustment and, 
as the gauging surfaces are radial and are 
eccentrically mounted, numerous gauging 
positions can be obtained and the length of 
life, therefore, greatly prolonged. The 
anvils are set so that they do not roll and 
consequently a better feel of the component 
passing through the gauge is obtained than 
is the case with the roller 
type. Also all shearing action 
is eliminated. 








A full range of plug and 
ring gauges is also available. 








Th | THE HORSTMANN GEAR CO. LTD., ee 
NEWBRIDGE WORKS.BATH. ENGLAND. sete os lta a 


BATH 
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AUTHORIZED DISTRIBUTORS: 


ANDOVER 

Wm. Dibben & Sons Ltd. 
BELFAST 

Hendron Bros. (Belfast) Ltd. 
BIRMINGHAM 

The Donovan Electrical Co. Ltd. 
E.G.S. Co. Ltd. 

BLACKPOOL 

Hirst, Ibbetson & Taylor Ltd. 
BOSCOMBE 

Wm. Dibben & Sons Ltd. 
BRADFORD 

Herbert Smith (Bradford) Ltd. 
BRISTOL 

Simpson, Baker & Co. Ltd. 
CARDIFF 


Simpson, Baker & Co. Ltd 
Sound Ltd. 


CROYDON 

Alliance Wholesale Ltd. 
DUBLIN 

Hendron Bros. (Electrical) Ltd. 
EXETER 

Simpson, Baker & Co. Ltd. 
FARNHAM 

Wm. Dibben & Sons Ltd. 
GLASGOW 

Scottish Precision Eng. Co. 
GUILDFORD 

Sun Electrical Co. Ltd. 
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DISTRIBUTOR SERVICE 


Narion-wine distributionof Hoover 
F.H.P. Motors exists through the 
following distributors. Any of them 
will welcome the opportunity of 


discussing your requirements. 





HULL 
E.G.S. Co. Ltd. 


IPSWICH 
Simpson, Baker & Co Ltd. 


KING’S LYNN 
J. J. Eastick & Sons, Ltd. 


LEEDS 
E.G.S. Co. Ltd. 
Sun Electrical Co. Ltd. 


LIVERPOOL 
British Rawhide Belting Co. Ltd 
Hirst, Ibbetson & Taylor Ltd. 


LONDON 

Acorn Machine Tool Co. (1936) Ltd., W.4. 
Alliance Wholesale Ltd., W.C.1. 

British Central Electrical Co. Ltd., E.C.1. 
British Rawhide Belting Co. Ltd., W.1. 
Jeary Electrical Co. Ltd., E.C.1. 

G. E. Jones & Sons Ltd., E.10. 

H.R.P., Ltd., S.W.3. 

Refrigeration Spares Ltd., E.11 and E.C.1. 
Rocke International Ltd., S.E.1. 

Simpson, Baker & Co. Ltd., S.W.1. 

Sun Electrical Co. Ltd., W.C.2. 

William Urquhart, Ltd., S.W.17 and 
S.W.18. 

LUTON 

Alliance Wholesale Ltd. 


MAIDSTONE 
Alliance Wholesale Ltd. 





MANCHESTER 


Hirst, Ibbetson & Taylor 
Ltd. 


NEWCASTLE 

E.G.S. Co. Ltd. 

Sun Electrical Co. Ltd. 
NEWPORT, 1.0.W. 

Wm. Dibben & Sons Ltd 
NORWICH 

Eastick & Sons, Ltd. 
SALISBURY 

Wm. Dibben & Sons Ltd 
SHEFFIELD 

Ratcliff (Electric) Ltd. 
SLOUGH 

Sun Electrical Co. Ltd. 
SOUTHAMPTON 

Wm. Dibben & Sons Ltd. 
Simpson, Baker & Co. Ltd. 
STOKE 

E.G.S. Co. Ltd. 
SWANSEA 

Simpson, Baker & Co. Ltd. 
TORQUAY 

Wm. Dibben & Sons Ltd. 
WEMBLEY 

Sun Electrical Co. Ltd. 
WINCHESTER 

Wm. Dibben & Sons Ltd. 
WORTHING 

Wm. Dibben & Sons Ltd. 














HOOVER LIMITED 


INDUSTRIAL PRODUCTS DEPARTMENT 


CAMBUSLANG 





LANARKSHIRE SCOTLAND 





When replying to advertisements please mention the Journal 
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FINE BORING MACHINES 


of extreme accuracy... 


International 
Machine 


w Tool 

p> Exhibition 
June 22—)July 6, 1956. 

Olympia, London. Grand 

Hall Stand Nos. 45 & 61. 


pa Our Showrooms are only a few 
Qpentg minutes from London Airport 


Nianiteie Sed MALL LLL LL 
HAMPTON ROAD WEST- HANWORTH FELTHAM MIDDLE SEA 
hr © FELTHAM 4266 bles & SHIPMENTS 





FELTHAM 
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*HOOKES’ TYPE 
UNIVERSAL JOINT 
For less severe duty than 
the ‘Patent’ joint. With- 
stands some tension or 
compression loads. 






*ME’ PATENT UNIVERSAL 
BALL JOINT 


Combines high load carry- 






ing capacity, simplicity cf 
design and utmost reliabi- 
lity. 92%-98% efficient 

(N.P.L. certified) 





between 





*“HOOKES’ TYPE LIGHT 
SERIES UNIVERSAL JOINT 
Designed for light duty. 
Moderate tension and com- 
pression loads are allowable. 


driver 


















driven 


M E Universal Joints meet the need 
for a compact coupling with high 
load ‘carrying capacity and- relia- 
bility. Trouble-free service is 
assured -by sound design of the 
finest materials and rigid inspec- 
tio#. They are available in a wide 
~fange of sizes.in each type. 


JS " Gat 


THE MOLLART ENGINEERING CO LTD 


KINGSTON BY-PASS SURBITON SURREY ENGLAND 
Tel: Elmbridge 0033-7 


Grams: Precision Surbiton 























“emma 
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COMPRES?" 
KIA giR 10 COM 


Photograph by courtesy of 
Burmah-Shell Refineries Ltd. 





BROOMWADE »... AT BOMBAY 


tr 
aids \ndue ’ OIL REFINERY 


This “ BROOMWADE ” type SS stationary compressor and two type 
TS1B dry-cylinder carbon-ring units are installed at the Burmah-Shell 
Refineries at Bombay where they are working economically and 
efficiently. 

“ BROOMWADE ” stationary air compressors, ranging in output 
from 2 - 1,000 cubic feet per minute, aid a large number of industries 
all over the world. Portable compressors are also available ranging 
from 60 - 500 cubic feet per minute. 









“"BROO ADE. 


Industry’s aid 


BROOM & WADE LTD., P.O. BOX No. 7, HIGH WYCOMBE, ENGLAND. 
Telephone: High Wycombe 1630 (10 lines) Telegrams: “Broom”, High Wycombe 
345 BAS 
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PB. Cow 


TELEVISION 


for rubber 


P. B. COW & COMPANY LTD, RUBBER MANUFACTURING SPECIALISTS FOR EVFRY INDUSTRY. 


INDUSTRIAL DIV.: 470 STREATHAM Il GH ROAD, LONDON S.W.16, PHONE: POLLARDS 4481 
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eze 


sque 
that last 


Economy in production can only be fully 
achieved by the recovery of materials from 
machine shop waste. 

The installation of a Swales FILTRALL 
process separates solids from fluids, thus 
retrieving coolant for use over and over 
again with the minimum of loss and labour 
- improving too your wheel and diamond life. 


FILTRALL / 


/ 
/ 


Illustrated is a 
10 gallon per hour 
Filtrall unit. 


Please write for details. 


manufactured and distributed by 


C. A. SWALES (FILTERS) LIMITED 


LONDON ROAD - DUNSTABLE - BEDS 
Telephone :- Dunstable 277 





NEWALL 
ANNOUNCE 





F< / pwotocrari By 
4 : i] COURTESY OF MESSRS. 
> 7 W. A. FARMER & CO. LTD. 
/ — KINGSTON-ON-THAMES 


A» 














BRITAIN’S LARGEST MANUFACTURERS OF JIG BORERS 


iN a be | | 
wéWALL, NEWALL GROUP SALES LTD 


PETERBOROUGH TELEPHONE 3227/8/9 
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Over and over again a few minutes 
work with a Heli-Coil Kit will save 
costly work from scrap. No shop 
can achieve maximum output 
unless Heli-Coil is part of its 
equipment. The technique is rapid, 
simple and highly efficient. 

REDUCE YOUR REJECT LIST TODAY... 





S)HELI-COIL 


SCREW THREAD INSERT KIT 


*\REGD. TRADE MARK 


CONTACT YOUR NEAREST STOCKIST TODAY 


FYFE & McGROUTHER LTD., GLASGOW C.4 

WHITE MILNE & CO., DUNDEE 

HENRY OSBORN LTD., NEWCASTLE ON TYNE 
THOS. SMITH & CO., HALIFAX 

ALEXANDER KENYON & CO. LTD., MANCHESTER 3 
G. F. BRIDGES LTD., BIRMINGHAM 4 

WOODBERRY, CHILLCOTT & CO. LTD., BRISTOL 
MODERN TOOL & EQUIPMENT CO. LTD., BELFAST 


ARMSTRONG PATENTS - CO - LTD - BEVERLEY - YORKSHIRE 
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Avital part 
of production 


Two hands belcnging to a skilled worker. Where would 
the drive for more production be without them? They 
deserve the best press guards made today. And you have a 
right to expect that your consideration will not result in a 
fall in output. The answer is, of course, the ‘Fastrip’’ 
Synchronised Guard tor more production and greater safety. 


j. P. UDAL Ltd 


INTERLOCK WORKS, 
COURT ROAD, 
BIRMINGHAM, 12. ) ctl 
PRESS GUARDS 


Telephone : CALthorpe 3114 














Dust and damp can cause serious break- 
downs, particularly in equipment which 
cannot be brushed out. The answer lies 
in “‘Secomak”’ Portable Electric Blowers- 
the most powerful obtainable and equally 
useful as suctium cieaners. Model 7 
weighs only 10lb. but delivers air at 340 Both models will blow air 2 
ft. per second. Model 70 weighs 15 lb. ‘emperatures up to, 600° F. 
and delivers air at 425 ft. per second. Attachment for drying damp 
insulation etc. 


Write for data sheet 101/P.E. 
PORTABLE 


~ ELECTRIC BLOWERS 


AND SUCTION TOOLS 





We also make lightweight stationary units for high velocity suction 
and blowing suitable for many industrial processes. See data 
sheets 104, 132, 130 P.E. for full particulars, 


SERVICE ELECTRIC CO. LTD. 


HONEYPOT LANE - STANMORE * MIDDX . EDGware 5566-9 
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Power in the making... 





SAN ESTEBAN 











A major contribution to Spanish hydro- 
electric development is the erection of 
19 power stations, comprising a total 
capacity of 845,200 kVA, which are 
eventually to be constructed for the 
Salto de Sil, S.A.. The electrical 
equipment for the San Esteban station, 
the largest of the group, is being 
supplied by Metropolitan-Vickers. The 
total capacity for this station will be 
300,000 kVA, and the M-V contri- 
bution to this consists of four 75,000 
kVA A.C. Generators, together with 
the transformers and switchgear. 


Stator of the 75,000 kVA 214 r.p.m. vertical generator. 
One of four ordered for the station. 


Assembly of thrust bearing bracket 


METROPOLITAN -VICKERS 


ELECTRICAL CO LTD TRAFFORD PARK MANCHESTER, 17 


Member of the AEI group of companies 


Leading Electrical Progress 
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plug in where you will 


An entirely new system of power distribution, the EMS 
“ Miniplug” allows any number of light fittings, 
office machines and small tools to be “ plugged-in ” 
anywhere along an overhead duct. The system 
is safe and economical—* plugging-in ” takes 
only a few seconds—and there is no waste 
of conduit or cable. “ Miniplug ” 
ducting is supplied in 8 ft. lengths, 
is simple to install, and can be 
modified or extended at will. 


MINIPLUG 


distribution 
duct 


E. M. S. ELEGTRIGAL PRODUCTS LTD 


32 HE BUTTS COVENTRY Tel; COVENTRY 6/09 ams: DISPATCH COVENTRY 
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Made 


When rivet spinning 
is not feasible... 





cuafisinen 


SPURS -SPIRALS-BEVELS 
WORMS « WHEELS 


RELIANCE GEAR & ENGINEERING 
CO. (SALFORD) LTD 


PRINGFIELD LANE 





and a really tight joint 
is required... 

For example in the riveting of 
pliers, edge tools, casement 
fittings, padlocks, conveyor 
chain links, shuttles, etc 

This machine heads __ rivets 
close up against an angle or 
shoulder in the components 
Rivets may be headed tight or 
loose simply by adjusting the 
machine setting and type of 
tools used. Suitable for 
rivets in all sizes from 1/8 in. 
to 3/4 in. in mild steel. All 
machines are built to with- 
stand continuous heavy duty 
operation. 


Lg 


Rotary Vibrating 
RIVETING HAMMERS 


R.H. 14M.D. Standard Machine 
(12 in. throat model available) 


TURNER 


MACHINE TOOLS 
63-68, PRINCIP ST., BIRMINGHAM, 4 


Telephone : Aston Cross 


Ask for a 
demonstration. 
Full technical 
advisory service 
available. Sam- 
ples of articles 
would be appre- 
clated. 
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Luoyds link casting and 


rachininea.--. 


saves you time, transport and 


money, and guarantees a perfect job 





One of the great features of Lloyds foundry is that, in addition to producing the castings, it 
is superbly equipped to machine them. The advantages are obvious—two major operations 
are centralised, valuable time is saved, and the customer is spared the expense of transporting 
rough castings to independent machine shops 

Castings-of up to 25 tons come within the machining capacity of Lloyds. Typical of the 
Company’s impressive machining resources is the Graffenstaden Horizontal Boring Machine. 
This machine is a recent acquisition to the Machine Shop. It is of the most modern design, 
and some idea of its capacity can be gauged from the fact that it can bore to a diameter of 
2’ 7)", and possesses a maximum spindle stroke of 7’ 10)". Among other interesting machines 
are the 16’ Craven Vertical Borer, and a 20’ Craven Planer both of which are continually employed 
in machining heavy castings. Send for your copy of Lloyds Craftsmen in Steel. Post Free. 


Luoyvyds mew machine shop 


siwes you extra 
foundry serwice 


F. H. LLOYD & CO. LTD. - ?.0. BOX 5 - JAMES BRIDGE STEELWORKS WEDNESBURY’ STAFFS * PHONE: JAMES BRIDGE 2401 
A Print for Industry Ltd. advertisement 
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The driver of the night express must 
show the same power of concentra- 
tion, the same steady sense of duty 
‘all along the line’ and so witha YCOL 
casting if your reliance is to be ‘well 
founded’. Made in a foundry planned 
for quality production, close super- 
vision is maintained ‘all along the line’ 
from melting to the finished casting. 
Non-ferrous sand castings up to one 
ton in weight—in gunmetal, phosphor 
bronze, 3 bronze, al 
bronze and aluminium alloy — with 
a reputation for purity, uniformity 
and durability. 
IIlustrated is an open-sided 
impeller casting. 





reliance on ycol always well founded 


WHYTE & COLLINS LTD. KELVIN WORKS FENTON STOKE-ON-TRENT 
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VULCASCOT ANTI-VIBRATION PADS 


OIL RESISTING 





@ CHECK VIBRATION SHOCK 
AND NOISE 


@ COMBAT NERVOUS STRAIN 
@ ARE EASY TO INSTALL 
@ SAVE MAINTENANCE TIME 


AND COST 
@ ISOLATE LOADS UP TO 
4 TONS PER SQ. FT. 
@ ELIMINATE CUMBERSOME 
FLOOR FIXINGS 









Standard Size 
18” x 18"x 4” 


Manufactured by: 


VULCASCOT (Great Britain) LTD. 


87-89, ABBEY ROAD. 


PHONE: MAIDA VALE 7374 & 7375. 


LONDON, N.W.8. 


"GRAMS: VULCASCOT MAIDA VALE LONDCN 

















@ 20:1 VARIABLE OUTPUT 
TRANSFORMER 


@ ONLY 2fc 6ins Wide 
lft 9zins Deep 2ft 0} ins high 


RADYNE 
@ RUGGED CAST CAS* 


ololorum4y 
@ VALVES RUNNING AT cadre see 
HALF RATING FOR LONG 
LIFE 


@ RATED TO B.S. 1799 
ar kW Bench 
Induction heater 











Full details from 





radio heaters Itd 


9 WOKINGHAM * BERKS «© ENGLANO 





"Phone: Wokingham 1030 
"Grams: Radyne, Wokingham 














HAVE YOU HAD YOUR COPY ? 
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Give you three guesses 


THIS IS:— 


(A) Part of avacuum cleaner (B) Acoffeepercolator (C) An artificial satellite 





The correct answer is B. This picture at least shows plainly one of the great advantages to be gained by 
Crompton Parkinson Stud Welding. The coffee percolator is an example of 

re-designing with stud welding specifically in view. The three brass bosses which secure the 

electrical mechanism to the percolator are cleanly welded on to the base and there is no perforation of the 
metal or risk of subsequent leakage. In many branches of light and heavy industry 

Crompton Parkinson Stud Welding is helping to speed production and improve design. Let us give you 


a demonstration on your own premises and show you how simple and inexpensive it is. 


THE STUD WELDING ORGANISATION ¢__)) 





* 
(rompton Da rkinson 1-3 Brixton Road, London, S.W.9. Telephone: Reliance 7676 


ELECTRICAL EQUIPMENT 








xc 


Page 
Accles & Pollock, Ltd. 
Acheson Colloids, Ltd. “te be 
Adcock & Shipley, Ltd. ... ud \ 


Allen, Edgar & Co. Ltd. ... XLill 
Archdale, James & Co. Ltd. Lvii 
Armstrong Patents Co. Ltd. LXXXIV 


Arrow Electric Switches, Ltd. 

Asquith, William, Ltd. XXX 

Automatic Coil Winder & Electrical 
Equipment Co. Ltd., The 


Barber & Colman, Ltd. 
Bawn, W. B. & Co. Ltd. ... 
Bedford, John, & Sons, Ltd. LNiN 
Benton & Stone, Ltd. +. 1 
B.I.P. Chemicals, Ltd. LV 
Birlec, Ltd. ... aia vi 
Birmingham Aluminium Casting 
(1903) Co. Ltd... 
Black & Decker, Ltd. a8 
Brammer, M. & Co. Ltd. ... 
Bratby & Hinchliffe, Ltd. 
Bray Accessories, Ltd. oe 
British Aero Components, Ltd. 
British Electrical Development 
Association, The ... ee 
British Oxygen Gases, Ltd. es 
British Tabulating Machine Co. Ltd. 
British Thomson-Houston Co. Ltd. 
Broadbent, Henry, Ltd. rs 
Brockhouse, J. & Co. Ltd. ... 
Brookhirst Switchgear, Ltd. Lan 
Brook Tool Manufacturing, The ... 
Broom & Wade, Ltd. 
Brown, David, Corporation 
Ltd., The ... i cae te . 
B.S.A. Tools, Ltd. ... Pa ia Lix 
Burton Griffiths & Co. Ltd. aes Lix 
Butler Machine Tool Co. Ltd., The  xxxvi 
Butterley Co. Ltd., The 


LXVI 


XLVI 
XXX11 


~~ ie 
(Sales) 


Catmur Machine Tool Corporation, 

Ltd. ahs <M wee =LXXVII 
Cementation | (Muffelite) Ltd. 
Churchill, Charles & Co. Ltd. ... 
Churchill Machine Tool Co. Ltd. ... 
Cincinnati Milling Machines, Ltd. il 
Clarkson (Engineers) Ltd. ... 
Climax Rock Drill & Eng. Works L td. 
Concentric Manufacturing Co. Ltd. 
Cosor, A. C., Ltd. 
Coventry Climax 


XXIN 


“Engines, Ltd. 
Outside Back Cover 
Tool Co. Ltd. XXV 


LXXXil 


Coventry Gauge & 
Cow, i B., Ltd. 
Croda, Ltd. 

Crofts (E nginee rs), Ltd. . 
Crompton Parkinson, Ltd. ... LXXNXINX 
Dawe Instruments, Ltd. 

Dawson Bros., Ltd. ... sad rf LXXVi 
Dean Smith & Grace, Ltd. “4 xvi 


Denham’s Engineering Co. Ltd. XXXViil 
Dowding & Doll, Ltd. Abs cap 
Drummond Asquith (Sales), Ltd. 
Drummond Bros., Ltd. XXX1 
Duckham, Ale xander & Co. Ltd. 
Durachrome, Ltd. .. x LXxli 
Dyson & Co. Enfield (1919), Ltd. xii 
Edibrac, Ltd. a 
Electro-Chemical Eng. Co. Ltd. ... 
Electro-Dynamic Construction Co. 
Ltd. se 

Elgar Machine Tool Co. Ltd. LXXN 
Elliott Brothers (London) Ltd. LXi\ 
E.M.S. Electrical Products, Ltd. ... Lxxxvi 


English Electric Co. Ltd., The 





The Institution 


INDEX TO ADVERTISEMENTS 





Pag: 
Exors of James Mills, Ltd. ... a XVii 
Fawcett-Finney, Ltd. 
Fescol, Ltd. ma 
Firth, Brown Tools, ‘Ltd. me ne 
Firth, Thos., & Brown, John, Ltd. xtvu 
Flame Hardeners, Ltd. .. LXXXVHI 
Fletcher Miller, Ltd. LXVIli 
Fox Chemical Engineering Works, 

Ltd. ; i LXVili 
Fox, Samuel & Co. Ltd. — ied xiii 
Fraser, Andrew & Co. Ltd. ms LX 
Gledhill-Brook Time Recorders, Ltd. Lxxvi 
Glostics, Ltd. XLiv 
G.P.A. Tools & Gauges, Ltd. Lvl 
Guest, Keen & Nettle folds 

(Midlands), Ltd. 

Guylee, Frank, & Son, Ltd. LXXIV 
Harrison, T. S. & Sons, Ltd. bh XXii 
Harris Tools, John, Ltd. 

Heenan & Froude, Ltd. LXIX 
Herbert, Alfred, Ltd. XXXIX 
Hilger & Watts, Ltd. 

Holman Bros., Ltd. ... 

Hoover, Ltd. bod ) a 
Hordern, Mason & "Edwards, Ltd. Xxili 
Horstmann Gear Co. Ltd., The . LXXVIil 
Howard, Stanley, Ltd. ico XV 
Hymatic Engineering Co. L td., The XIV 
Igranic Electric Co. Ltd. ... — - 
Imperial Smelting C ‘orporation 

(Sales), Ltd. — 
Impregnated Diamond Products, Ltd. Lil 
Integra, Leeds & es Ltd. Li 
Intermit, Ltd. ; iis — 
Jessop, Wm. & Sons, Ltd. ... 

Johansson, C. E., Ltd. ee we.) = LXXVIl 
Jones, E. H. (Machine Tools), Ltd. 
Jones, Sidney G., Ltd. oe we Liii 
King, Geo. W., Ltd. — 
Kirkstall Forge ‘Engineering, Ltd. — 
Lang, John & Sons, Ltd. ... es -— 
Lang Pneumatic, Ltd. Nis ie — 
Lansing Bagnall, Ltd. ‘ aS 
Lapointe Machine Tool Co. Ltd., 

‘he we yey 
Ley’s Malleable Castings Co. Ltd. 
Lloyd, F. H. & Co. Ltd... LXXXVIi 
Lloyd, Richard, Ltd. ie 4 LXxVii 
London Oil Refining Co. Ltd., The - 
Lund, John, Ltd. aha ooo «= RERA 
Machine Shop Equipment, Ltd. ... Vili 


Machinery Publishing Co. Ltd. 
Magnesium Elektron, Ltd. ix 
Manganese Bronze & Brass Co. Ltd. 
Marbaix, Gaston E., Ltd. 
Markland Scowcroft. SS 
Marsh, Bros., & Co. Ltd. ... 
McKechnie Bros. Ltd. 
Metal Industries Group ... ied 
Metal & Plastic Compacts, Ltd. ... 
Metropolitan-Vickers Electrical Co. 

Ltd. «es 25ECKY 


Midland Iron ‘Co. Ltd., The xI 


Mollart Engineering Co. Ltd., The LXXX 
Monks & Crane, Ltd. _ ; vii 
Morris, B. O., Ltd. id or xi 
Myford Engineering Co. Ltd. so Lxii 
National Industrial Fuel Efficiency 
Service ; , ies ae - 
Neill, James, “& Co. " (Sheffield), Ltd. xxxvii 





of Production Engineers Journal 


Page 
Newall, A. P. & Co. Ltd. ... LXxii 
Newall Group Sales, Ltd. .... xxvii, Lxxxiii 


Newall Group 
Gauges), Ltd. 


Sales, (Tolimit 


Park Gate Iron & Steel Co. Ltd. 
Inside Back Cover 

Parkinson, J., & Son (Shipley), Ltd. xxxiv 

Paterson Hughes Engineering Co. 

Ltd at ree ies LVili 
Pilot Works, ‘Ltd. ite - ‘ - 
Pinder, W. & Sons, Ltd. ... 
Pollard Bearings, Ltd. 


XXXiil 
Precision Grinding, Ltd XL 
Press Equipment, Ltd. ‘ies ‘as 
Proctor Bros. (Wireworks), Ltd. ... 
Pryor, Edward, & Son, Ltd. LXVi 
Quasi Arc, Ltd. XXVIII 
Rack Engineering, Ltd... sha WV 
Radio Heaters, Ltd. ... LXXXVUi 
Ransomes, Sims & Jefferies, ‘Ltd. bes ~- 
Ratcliffe, F. S., (Rochdale), Ltd. ... 
Reavell & Co. Ltd. ane LXXiv 
Redfern’s Rubber Works, Ltd. - 
Rediffusion, Ltd... 
Reliance Gear & Eng. Co. (Salford), 

Ltd. «. EXXXVi 
Rockwell Machine Tool Co. Ltd., 

The — 
Russell, S. & ‘Sons, Ltd. aes LXXil 
Ryder, Thos. & Son, Ltd. ... 

Saville, J. J. & Co. Ltd. 

Scrivener, Arthur, Ltd. 2S a, — 
Selson Machine Tool Co. Ltd., The XLix 
Sentinel (Shrewsbury), Ltd. LXNXI 
Service Electric Co. Ltd. ... LXXXiVv 
Shell-Mex & B.P., Ltd. ... ee 
Skinners, (Redbridge), Ltd. - 
Smart & Brown Machine Tools, Ltd. - 
Snow & Co. Ltd... ‘ — 
Société Genevoise, Ltd. XVili, xix 
Sparcatron .. iy re coe SVEN 
Sparklets, Ltd. ee - 
Spencer & Halstead, Ltd. ‘vs, SERV 
Sternol, Ltd. : bai - 
Sunbeam Anti- Corrosives, Ltd. Sikes — 
Swales, C. A., (Filters), Ltd. LXXXii 
Swift-Summerskill, Ltd. See en — 
Sykes, W. E., Ltd. ... — 
Teleflex Products, Ltd. iat ed — 
Town, Frederick & Sons, Ltd... — 
Turner Machine Tools, Ltd. LXXXxvi 
Udel, J. P., Lad... oe ERERIV 
Unbrako Socket Screw Co. ‘Ltd. pecs XLi 
United Steel Companies, Ltd., The xiii 
Universal Tools, Ltd. oe. my LXX 
Van Moppes & Sons (Diamond 

Tools), Ltd. ial ans , Liv 
Vulcascot (Great Britain), Ltd. . LXXXVili 
Wadkin, Ltd. a es LXX 
Ward, H. W., s Co. ‘Ltd. Ae XXXV 
Ward, Thos. Ltd. uN Pe 
Webster & A, Ltd. ... ve x 
Westool, Ltd. aa re XXIV 
Whyte & Collins, Ltd. » LXXXVili 
Wickman, Ltd. XX, XX1, XXVi, LXili 
Wicksteed, Chas. & Co. (1920), Ltd. Lxi 
Woodhouse & Mitchell slate LXV 
Wolverhampton Die eens Co. 

Ltd., The ... XLV 


Zinc Alloy Die Casters Association 





All communications regarding advertisements should be addressed to the Advertising Managers, T. G. Scott & Son, Ltd. 
Regent 3891. 
London, N.1. 


Crown House, 
Maxwell, 


Printed by 


143-147, Regent Street, 
Love & Co. Ltd., 


London, W.1. 


Phone : 
White Lion Street, 








eT ye = a 


a 














—— SE $s S 


~eT -/ eg 


ve 








PARK GATE 


QUALITY STEELS 
FOR DROP FORGINGS 














connecting rods 


PARK GATE IRON & STEEL CO. LTD., ROTHERHAM 


TELEPHONE : ROTHERHAM 2141 (10 lines) TELEGRAMS : YORKSHIRE, PARK GATE, YORKS 
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